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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the 
field of manufacturing ophthamalic lenses, especially 
molded, hydrophillc contact lenses, and more specifi- 
cally, to a high speed automated method and apparatus 
for demolding and hydrating the lenses after polymeri- 
zation. 

DESCRIPTION OF THE PRIOR ART 

[0002] The molding of hydrophilic contact lenses is 
disclosed in U.S. Patent No. 4,495,313 to Larsen, U.S. 
Patent No. 4,565,348 to Larsen, U.S. Patent No. 
4,640,489 to Larsen etal., U.S. Patent No. 4,680,336 to 
Larsen etal., U.S. Patent No. 4,889,664 to Larsen etal., 
and U.S. Patent No. 5,039,459 to Larsen et aL, all of 
which are assigned to the assignee of the present in- 
vention. This prior art discloses a contact lens produc- 
tion process wherein each lens is formed by sandwich- 
ing a monomer or a monomer mixture between a front 
curve (lower) mold section and a back curve (upper) 
mold section, carried in a 2X4 mold array. The monomer 
is polymerized, thus forming a lens, which is then re- 
moved from the mold sections and further treated in a 
hydration bath and packaged for consumer use. During 
polymerization, particularly of the hydrogels, the lens 
tends to shrink. To reduce shrinkage, the monomer is 
polymerized in the presence of an inert diluent like boric 
acid ester as described in the above patents, which fills 
up the spaces in the hydrogel lens during polymeriza- 
tion. The diluent is subsequently exchanged for water 
during the hydration process. 
[0003] The prior art process of exchanging the diluent 
for water and hydrating the lens has been very time con- 
suming. The two part molds are opened and the lenses 
are assembled in large groups and placed in a leaching 
tank for several hours. The leach tank includes heated 
water, small amounts of surfactants and salts. When the 
lenses are inserted in the leach tank they immediately 
expand in the presence of water and release from the 
mold in which they were molded. The boric acid ester 
diluent hydro lyzes into glycerol and boric acid leaving 
the water behind in the matrix of the lens to thus ex- 
change diluent for water to hydrate the lens. 
[0004] Salts and a pH buffer are used in the water so 
that the water placed in a lens has an osmolality and pH 
substantially similar to that of human tears so that the 
lens will not irritate the eye when it is inserted by the 
user. If the polymer from which the lens is made has 
ionic characteristics, the buffer neutralizes any Ionic 
species in the lens. That neutralization causes tempo- 
rary destabilization of the dimensions of the lens and 
requires an extended period of time to complete. 
[0005] The lenses are then transferred to a rinse tank 
where removal of diluent and surfactant continues for 


another extended period of time. The lenses are then 
transferred to a large equilibration tank filled with heated 
water and salts for completion of diluent and surfactant 
removal and equilibration of the lenses for several more 
5 hours. The equilibration step entails completion of the 
neutralization of any ionic species in the polymer from 
which the lens is made. The lens Is then removed from 
the equilibration tank and rinsed in clean saline and 
transferred for inspecting and packaging. 
w [0006] U.S. Patent Nos. 5,080,839 and 5,094,609 dis- 
close respectively a process for hydrating soft contact 
lenses and a chamber for hydrating contact lenses 
which represent a substantial improvement over the 
foregoing prior art process. These patents teach the use 
'5 of a unique chamberformed of a male and female mem- 
ber which forms a hydration cavity which permits the hy- 
dration of the lens without permitting It to invert or roll 
over. Fluid flow is Introduced into the cavity about the 
lens from each side to extract teachable material from 
the lens. The process significantly reduces the amount 
of leaching fluid that is used and the amount of time that 
is needed for hydration, washing and extraction. The ap- 
paratus disclosed in these patents enabled placement 
on a frame suitable for automated handling. The proc- 
ess significantly reduced thethrough-put time by hydrat- 
ing the lens and releasing the lens from the mold cavity 
with deionized water and a small amount of surfactant 
without any salts, so that the time consuming ionic neu- 
tralization of the polymer from which the lens blank is 
made does not occur during the hydration process. 
When deionized water is used, the final step of the proc- 
ess is to introduce buffered saline solution into the final 
package with the lens and then sealing the lens within 
the package so that final lens equilibration (ionic neu- 
tralization, final hydration and final lens dimensioning) 
is accomplished in the package at room temperature or 
during sterilization. 

[0007] As taught in these prior art references, the use 
of deionized water is an important step in this process 
because it allows the time consuming ionic neutraliza- 
tion to be done essentially outside the hydration process 
after the lens has been packaged and sealed. 
[0008] While the chamber and process described in 
the foregoing patents enabled automated handling of 
the lens during hydration, suitable automated equip- 
ment to handle these chambers at high production rates 
and implement this process in a fully automated appa- 
ratus was not readily available or taught by the prior art. 
[0009] Further prior art apparatus for hydrating soft 
contact lenses is disclosed in documents EP-A-0 686 
488 and EP^-0 740 998. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention 
to provide an automated process and apparatus that will 
enable high production rates in the hydration process 
disclosed in U.S. Patent No. 5,080,839. It is a further 
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object of the present invention to provide a high speed 
robotic apparatus to facilitate the handling and manipu- 
lation of lens molds having a molded hydrophilic contact 
lens therein and the chambers described in the U.S. Pat- 
ent No. 5,094,069 in a high through-put, high production 
rate automated apparatus. 

[0011] It is an object of the present invention to pro- 
vide an automated means for hydrating a molded hy- 
drophilic contact lens wherein a first robotic assembly 
removes a plurality of contact lens molds from a produc- 
tion line carrier, wherein each of the lens molds has a 
contact lens adhered thereto. The first robotic assembly 
transports the molds to a first staging area where the 
lens molds are sandwiched between a lens mold carrier 
and a top chamber plate to form a first hydration carrier. 
A first rotary transfer device then hands the first hydra- 
tion carrier to a first pick and place robotic assembly 
which immerses the first hydration carrier in a hydration 
bath to hydrate the lens and to release the lens from the 
lens mold. While the lens is immersed in the hydration 
bath, each lens is transferred from its respective mold 
to a lens transfer means found within the top chamber 
plate. After a predetermined period of time, a second 
pick and place robotic assembly removes the first hy- 
dration carrier from the hydration bath and hands the 
hydration carrier off to a second rotary transfer device 
which rotates the first hydration carrier and transports 
the hydration carrier to a disassembly station in which 
the lens mold carrier and lens molds are removed from 
the top chamber plate. The first and second pick and 
place robotic assembly may be collectively referred to 
as the second robotic assembly. A third robotic assem- 
bly aligns the hydration carrier for dis-assembly of the 
molds and mold carrier plate. After removal of the mold 
carrier plate at the disassembly station, the third robotic 
assembly then carries the top chamber plate and con- 
tact lenses through a series of steps to flush the lenses 
and transport them and the top chamber plate to an as- 
sembly station for assembly with a hydration base mem- 
ber to form a second hydration carrier for processing the 
lens in subsequent extraction stations. The second hy- 
dration carrier is then transported through a plurality of 
flushing or extraction stations wherein fresh deionized 
water is introduced into the hydration chambers at each 
hydration station to flush leachable substances from the 
hydration chamber. During transit travel between flush- 
ing stations, the residual fluid in the hydration chamber 
extracts impurities from the contact lens through mass 
transfer exchange. At each flushing station, fresh deion- 
ized water is introduced into the hydration chamber to 
remove previously extracted impurities and the products 
of hydrolysis. A final robotic dis-assembly device sepa- 
rates the top chamber plate and lens transfer means 
from the hydration base member, to provide fully hydrat- 
ed lenses in a concave lens holding means ready for 
transfer to inspection and packaging stations. 
[0012] It is an object of the present invention to pro- 
vide a method and apparatus for the high speed robotic 


handling of soft, wet and slippery contact lenses, prima- 
■ rily through fluid flow devices, which transport the lens 
and move it from carrier to carrier without physically 
damaging the lens, losing the lens, or allowing it to invert 

s or roll over 

[0013] It is also an object of the present invention to 
provide a method for handling the lenses which will min- 
imize the formation of air bubbles which might otherwise 
impair subsequent handling of the lens in a fluid transfer 

10 media. 

[0014] It is further an object of the present invention 
to provide a robotic handling device that will quickly and 
efficiently handle a large number of discreet individual 
molds having a molded contact lens therein, and then 
15 eject said discreet mold parts after said lens has been 
released and transferred to a lens carrier. It is further an 
object of the present invention to provide high speed ro- 
botic devices for handling a plurality of contact lenses 
which secure the contact lenses to the lens carrier ele- 
ments with surface tension, and releases the lenses 
from the carrier elements via fluid flow of air or water. 
[0015] It is another object of the present invention to 
provide a walking beam device for transporting a plural- 
ity of first hydration carriers through a hydration bath 
from a first pick and place robotic assembly to a second 
pick and place robotic assembly which removes the first 
hydration carrier from the hydration bath. 
[0016] It. is another object of the present invention to 
provide an automated control means for sequencing 
and coordinating each of the robotic assemblies used 
in the transfer of lenses from the production line pallet, 
through hydration and extraction stations, and finally to 
an inspection carrier. 

[0017] It is still another object of the present invention 
to provide Improved handling devices which improve the 
overall yield of the system, as compared to the Method 
and Apparatus for Hydrating Soft Contact Lenses as de- 
scribed in the two parent patent applications referred to 
above. 

[0018] While the invention is described with particular 
reference to molded contact lenses wherein the lens is 
molded between a first and second mold half, it is un- 
derstood that the hydrating apparatus is equally suitable 
for the hydration of lenses formed by lathe cutting 
wherein the hydrogel is maintained in a dry state while 
the desired optical surfaces may be used with spin cast 
lenses which subject a liquid monomer to a centrifugal 
force in a mold which has the same shape as the desired 
optical surface of the lens. 

[0019] It is an object of the present invention to pro- 
vide an automated process and apparatus for hydrating 
contact lenses where the volume of solution used to re- 
lease and hydrate the lens is significantly reduced, and 
to significantly reduce the quantity of chemicals used In 
the hydration process. 

[0020] It is another object of the present invention to 
provide a high speed automated apparatus and method 
to remove leachable substances with water, alcohol, or 
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other organic solvents, or a mixture thereof, thus flush- 
ing unreacted monomers, catalysts and/or partially re- 
acted comonomers, diluents or other impurities from a 
hydrophilic contact lens. 

[0021] Finally, it is an object of the present invention 
to provide a high speed automated method and appa- 
ratus for hydrating contact lenses formed in an automat- 
ed production line as more fully described in document 
EP-A-0 686 491 "Consolidated Contact Lens Molding". 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The foregoing objects and advantages of the 
present invention for an automated method and appa- 
ratus for hydrating soft contact lenses may be more 
readily understood by one skilled in the art with refer- 
ence being had to the following detailed description of 
the preferred embodiments, taken in conjunction with 
the accompanied drawings, wherein like elements are 
designated by identical reference numerals throughout 
the several views, and in which: 
[0023] Figure 1 is a top plan view of the apparatus of 
the present invention illustrating in block form the ar- 
rangement and relative location of each of the robotic 
handling devices of the present invention. 
[0024] Figure 2 is a schematic illustration of the rela- 
tive motion imparted by each of the robotic handling de- 
vices as the lenses are transported through the hydra- 
tion apparatus of the present invention. 
[0025] Figure 3 is an elevation view of the apparatus 
illustrated in Figure 1 illustrating in schematic form the 
principle components of the present invention. 
[0026] Figure 4 is a plan view of the top chamber plate 
which Is utilized as a lens transfer device in the present 
invention. 

[0027] Figure 4(a) is a side elevation view of the top 
chamber plate illustrated in Figure 4. 
[0028] Figure 5 is an end view of the top chamber 
plate illustrated in Figure 4 attached to a lens mold car- 
rier to form a first hydration assembly. 
[0029] Figure 5(a) is a plan view of a single lens trans- 
fer element utilized in the present invention. 
[0030] Figure 5(b) Is a side elevation view of the lens 
transfer element illustrated in Figure 5(a). 
[0031] Figure 5(c) is a cross-sectioned elevation view 
of the lens transfer element taken along section line C-C 
of Figure 5(a). 

[0032] Figure 6 is a side or elevation view of a hydra- 
tion base carrier utilized in the present invention. 
[0033] Figure 7 is a top or plan view of the hydration 
base carrier illustrated in Figure 6. 
[0034] Figure 8 is a top plan view of a lens mold carrier 
which may be used to receive the contact lens molds 
and lenses from the automated production line. 
[0035] Figure 8(a) is a cross-section detail taken 
along sectioned line B-B of Figure 8. 
[0036] Figure 8(b) is a cross-section detail taken 
along section line C-C of Figure 8. 


[0037] Figure 9 is a partially cross-sectioned elevation * 
view of a single lens transport means of the first hydra- 
tion carrier, formed by the top chamber plate of Figure 
4, a contact lens mold and contact lens secured therein 

5 and the lens mold carrier of Figure 8 which are assem- 
bled for transport through a hydration bath. 
[0038] Figure 1 0 is a partially cross-sectioned and el- 
evation or side view of a single lens transport means of 
the second hydration carrier formed when the top cham- 

10 ber plate of Figure 4 is combined with the hydration base 
carrier of Figures 6 and 7. 

[0039] Figure 11 is a partially cross-sectioned side 
view of the hydration tank of the present invention illus- 
trating in elevation, portions of thefirst assembly device, 
15 the first rotary transfer device, and the first and second 
pick and place units of the second robotic assembly 
which transport the first hydration carrier through the hy- 
dration tank of the present Invention. 
[0040] Figure 1 1 (a) is a partially cross-sectioned side 
view of the hydration tank of the present invention which 
schematically illustrates the operation of the first and 
second pick and place robotic assemblies. 
[0041 ] Figure 1 1 (b) is a partially cross-sectioned end 
view of the hydration tank of the present invention to 
illustrate the walking beam mechanism, and is taken 
along section line B-B 1 of Figure 11 . 
[0042] Figure 1 1 (c) is a partially cross sectioned end 
view of the second rotary transfer device taken along 
section lines C-C of Figure 11 . 
[0043] Figure 12 is a top plan view of the portion of 
the hydration device illustrated in Figure 11 . 
[0044] Figure 13 is an elevation and diagrammatic 
end view of thefirst assembly device illustrated in Figure 
11 and 12. 

[0045] Figure 1 4 is a top plan view of the first robotic 
assembly device, the first assembly device, the first ro- 
tary transfer device and the first assembly area. 
[0046] Figure 1 5 is a side elevation view of a portion 
of the hydration apparatus illustrated in Figure 13. 
[0047] Figure 1 6 is a detailed top plan view of the as- 
sembly station used to assemble the first hydration car- 
rier. 

[0048] Figure 1 7 is a cross-section detail of a typical 
transport arm for the robotic assemblies used in the 
present Invention. 

[0049] Figure 1 8(a) is an end elevation view of thefirst 
robotic dis-assembly device of the present invention. 
[0050] Figure 18(b) is a partially cross-sectioned de- 
tail of a portion of the dis-assembly device illustrated in 
Figure 18(a). 

[0051] Figure 19 is a diagrammatic plan view of the 
pick and place robotics used in the second robotic as- 
sembly illustrated in Figures 11-12. 
[0052] Figure 20 is a top plan view of a second portion 
of the hydration apparatus for the present invention il- 
lustrating the second rotary transfer device, the third ro- 
botic assembly, the flushing station and the assembly 
station used to form the second hydration carrier. 
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[0053] Figure 21 is an elevation side view of the por- 
tion oft he apparatus illustrated in Figure 20. 
[0054] Figure 22 is a partially cross-sectioned eleva- 
tion end view of the third robotic apparatus illustrated in 
Figures 20 and 21. 

[0055] Figure 23 is a diagrammatic elevation view of 
an extraction station of the present invention. 
[0056] Figure 24 is detailed and partially cross-sec- 
tioned view of the flushing head of the extraction appa- 
ratus illustrated in Figure 23. 

[0057] Figure 24(a) is an end view of the flushing or 
extraction head illustrated in Figure 24. 
[0058] Figure 25 is a top plan view of the underside 
of the lens flushing head utilized in the extraction station 
of the invention illustrated in Figures 3 t 23 and 24. 
[0059] Figure 26 is a side elevation view of the sepa- 
ration station utilized in the present invention. 
[0060] Figure 27 Is a partially cross-sectioned eleva- 
tion end view of a portion of the second dis-assembly 
device utilized in the present invention. 
[0061] Figure 28 is a partially cross-sectioned top pi an 
view of the separation station used to dis-assemble the 
second hydration carrier. 

[0062] Figure 29 is a partially cross-sectioned eleva- 
tion end view of the separation station illustrated in Fig- 
ures 26 and 28. 

[0063] Figure 30 is a partially cross-sectioned side el- 
evation view of a washing station used in the present 
invention. 

[0064] Figure 31 is a partially cross-sectioned end 
view of the washing station illustrated in Figure 30. 
[0065] Figure 32 is a partially cross-sectioned detail 
view of a portion of the washing station illustrated in Fig- 
ure 30, as taken along section line A- A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] The present invention is an automated method 
and apparatus for hyd rating soft contact lenses, espe- 
cially molded hydrophilic contact lenses manufactured 
in two-part molds in the presence of a diluent and then 
polymerized in the presence of a catalyst with ultraviolet 
light. After the polymerization process is completed, the 
two halves of the mold are separated or demolded with 
the contact lens preferentially adhered to the front curve 
mold half, as more fully described in Application Serial 
No. 08/258, 1 55 filed June 1 0, 1 994 entitled "Consolidat- 
ed Contact Lens Molding". While the invention de- 
scribed herein is preferentially utilized in combination 
with the automated production line disclosed therein, it 
is understood that the present invention is equally suit- 
able for the hydration of lenses formed by lathe cutting 
wherein the hydrogel is maintained in a dry state while 
the desired optical surfaces are cut and polished, or with 
contact lenses formed by the spin cast method wherein 
a liquid monomer is subjected to centrifugal force in a 
mold which has the same shape as the desired optical 


surface of the lens. 

[0067] The present invention is also an improved and 
simplified form of the apparatus illustrated in the two par- 
ent applications, U. S.S.N. 08/258,556 and U.S.S.N. 
5 08/432 : 935, both of which are entitled "Automated 
Method and Apparatus for Hydrating Soft Contact Lens- 
es", the disclosures of which are incorporated herein by 
reference thereto. 

[0068] The present invention is particularly suited to 

10 the hydration of hydrophilic contact lenses formed from 
monomer and monomer mixtures which include copol- 
ymers based on 2-hydroxyethyl methacrylate ("HE MA") 
and one or more comonomers such as 2-hydroxyethyl 
acrylate, methyl acrylate, methyl methacrylate, vinyl 

* 5 pyrrolidone. N-vinyl acrylamide. hydroxypropyl meth- 
acrylate, isobutyl methacrylate, styrene, ethoxy ethyl 
methacrylate, m ethoxy triethyleneglycol methacrylate, 
glycldyl methacrylate, diacetone acrylamide, vinyl ace- 
tate, acrylamide, hydroxytrimethylene acrylate, methox- 

20 yethyl methacrylate, acrylic acid, methacryliccid, glycer- 
yl methacrylate, and dimethylaino ethylacrylate. 
[0069] Preferred polymerizable compositions are dis- 
closed in U.S. Patent No. 4,495,31 3 to Larsen, U.S. Pat- 
ent No. 5,039,459 to Larsen et al. an U.S. Patent No. 

25 4,680,336 to Larsen etal., which include anhydrous mix- 
tures of a polymerizable hydrophilic hydroxy ester of 
acrylic acid or methacrylic acid and a polyhydric alcohol, 
and a water displaceable ester or boric acid and a pol- 
y hydroxy I compound having preferably at least 3 hy- 

30 droxyl groups. Polymerization of such compositions, fol- 
lowed by displacement of the boric acid ester with water, 
yields a hydrophilic contact lens. 
[0070] The polymerizable compositions preferably 
contain a small amount of a cross-linking agent, usually 

35 from 0.05 to 2% and most frequentiy from 0.05 to 1 .0%, 
of a diester or triester, Examples of representative cross 
linking agents include: ethylene glycol diacrylate, ethyl- 
ene glycol dimethacrylate, 1 ,2-butylene dimethacrylate, 
1,3-butylene dimethacrylate, 1,4-butylene dimethacr- 

40 ylate, propylene glycol diacrylate, propylene glycol 
dimethacrylate, diethyl glycol dimethacrylate, dip ropy I- 
ene glycol dimethacrylate, diethylene glycol diacrylate, 
dlpropylene glycol diacrylate, glycerine trlmeth acrylate, 
trlmethylol propane triacrylate, trimethylol propane tri- 

45 methacrylate, and the like. Typical cross-linking agents 
usually, but not necessarily, have at least two ethyleni- 
cally unsaturated double bonds. 
[0071] The polymerizable compositions generally al- 
so include a catalyst, usually from about 0.05 to 1% of 

so a free radical catalyst. Typical examples of such cata- 
lysts include lauroyl peroxide, benzoyl peroxide, isopro- 
pyl percarbonate, azobisisobutyronitrile and known re- 
dox systems such as the ammonium persulfate-sodium 
metabisulfite combination and the like. Irradiation by ul- 

55 traviolet light, electron beam or a radioactive source 
may also be employed to catalyze the polymerization 
reaction, optionally with the addition of a polymerization 
initiator. Representative initiators include camphorqui- 
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none, ethyl-4-(N,N-dimethyl-amino) benzoate, and 
4-(2-hydroxyethoxy) phenyl-2-hydroxyl-2-propyl ke- 
tone. 

[0072] Polymerization of the monomer or monomer 
mixture in the mold assembly is preferably carried out 
by exposing the composition to polymerization initiating 
conditions. The preferred technique is to include in the 
composition, initiators which work upon exposure to ul- 
traviolet radiation; and exposing the composition to ul- 
traviolet radiation of an intensity and duration effective 
to initiate polymerization and to allow it to proceed. For 
this reason, the mold halves are preferably transparent 
to ultraviolet radiation. After the precure step, the mon- 
omer is again exposed to ultraviolet radiation in a cure 
step in which the polymerization is permitted to proceed 
to completion. The required duration of the remainder 
of the reaction can readily be ascertained experimental- 
ly for any polymerizable composition. 
[0073] After the lens has been polymerized, it is 
demolded in preparation for the hydration process. The 
hydration process of the present invention is used to hy- 
drolyze the diluent used in the monomer or monomer 
mixture and then extract or leach from the lens the prod- 
ucts of hydrolysis, together with un reacted or partially 
reacted monomer or inhibitors, surfactants from the 
lens. In the hydration step, a plurality of lenses, still ad- 
hered to the mold in which they were formed, are im- 
mersed in a deionized water bath having a small amount 
of surfactant therein. The hydration bath hydropses the 
boric acid ester used as a diluent in the lens into glycerol 
and boric acid which is then exchanged by the physical 
phenomenon of mass transfer by the concentration gra- 
dient of the products of hydrolysis between the contact 
lens and the fluid in the hydration tank. 
[0074] Simultaneously, the lens, in the presence of 
deionized water and surfactant, swells, creating a shear 
force with respect to the mold in which the lens was 
formed thereby separating the contact lens from the 
mold. After the contact lens and mold have been sepa- 
rated, they are removed from the hydration bath, the 
mold is discarded, and the lens is placed in a hydration 
chamber in a manner similar to that described in U.S. 
Patent No. 5,094,609. While the lens Is in the hydration 
chamber deionized water is introduced through the 
chamber to periodically flush the chamber and permit 
extraction of impurities from the contact lens. As the ex- 
traction continues, the concentration gradient between 
the lens and each batch of fresh deionized water dimin- 
ishes, and it is therefore useful to provide a residence 
time between each of the extraction stations. In the pre- 
ferred embodiment of the invention, extraction is carried 
out in a series of discreet steps where fresh deionized 
water is Introduced Into the hydration cavity for approx- 
imately 2 seconds, while the residence time for leaching 
or mass transfer exchange continues for approximately, 
72 seconds between each extraction or washing station. 
After 6 such step-wise extraction steps, the products of 
hydrolysis, monomers and surfactants have been re- 


duced below detectable levels. 
[0075] In the process for the present invention, the 
wet contact lens is transferred by a variety of tech- 
niques, including gravity, surface tension, and fluids that 
5 are introduced through the lens from convex to concave 
lens holding surfaces, or vice versa. In the present in- 
vention, both air and water are utilized as suitable fluids. 
This avoids direct mechanical handling of the lens as it 
is transferred from chamber to chamber thereby mini- 
mizing physical damage to the lens. 

SUMMARY OF OPERATION 

[0076] Figures 1, 2 and 3 illustrate diagrammatically 
and in block form the preferred embodiment of the au- 
tomated means for hydrating a mold and hydrophllic 
contact lens of the present Invention. As illustrated in 
Figure 1 an automated production line having an output 
conveyor 11 supplies a plurality of pallets to a first ro- 
botic assembly which transfers the lens molds and con- 
tact lenses from pallets of the production line conveyor 

11 to the hydration apparatus 10 of the present inven- 
tion. 

[0077] While any suitable pallet arrangement would 
be satisfactory, the invention is described with respect 
to hydration carriers that handle thirty-two lenses at 
once, taken from four separate production pallets simul- 
taneously. This arrangement achieves a suitable com- 
promise between a desirable batch size and convenient 
robotic handling, although it is understood that a variety 
of pal let configurations and lens arrangements would be 
suitable, depending on the output rate and configuration 
of the contact lens production line. 
[0078] For the purposes of explanation, the term X ax- 
is will refer to the horizontal axis of Figure 1 (the linear 
axis), the Y axis will refer to the vertical axis of Figure 1 
(the cross axis), and the Z axis will be perpendicular to 
the plane of Figure 1 (the vertical axis). 
[0079] Prior to the transfer of the lens mold and con- 
tact lenses from the production line conveyor 1 1 , a first 
assembly device generally denoted by the dotted line 
box 14 in Figure 1 , transports a lens mold carrier plate 
from the return conveyor21 to a staging area 24 to pro- 
vide a carrier for receiving the individual lens molds and 
the associated contact lenses from the production line 
conveyor 1 1 . The first assembly device will be described 
in greater detail with respect to the description accom- 
panying Figures 11-13, but the diagrammatic motions 
thereof are depicted at 14 in Figure 2 in which the as- 
sembly device makes a first trip in the Y axis to bring the 
lens mold carrier plate to the staging area 24, and then 
deposits the earner plate with a short Z axis stroke. The 
first robotic assembly, delineated by the dotted line box 

12 in Figure 1 , and more fully described in Figures 14 & 
15, transfers the individual contact lens molds and as- 
sociated contact lenses from the mold pallets on con- 
veyor line 1 1 to the lens mold carrier at the staging area 
24 with an X axis movement denoted at 12a in Figure 
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2, and a short Z axis stroke to deposit the lens molds in 
the lens mold carrier plate. The first assembly device, 
located in dotted line box 14, then makes a second re- 
turn stroke in the Y axis and deposits a top chamber 
plate on the assembled lens molds and carrier plate to 
form a first hydration assembly. 
[0080] The first hydration assembly is then moved by 
a short stroke cylinder In the X axis is depicted in box 
16a of Figure 2 and then rotated 135° by a first rotary 
transfer device that is located adjacent the staging area 
24 within the dotted line box 16 illustrated in Figure 1. 
The area within the dotted line box 1 6 is more fully de- 
scribed in Figures 10-12, and includes the first assembly 
area 24, the first rotary transfer device, the first pick and 
place robotic assembly which moves the first hydration 
carriers to hydration tank 26, the walking beam transport 
of the hydration tank 26 and a second pick and place 
robotic device which removes the first hydration carrier 
from the hydration tank. The relative motion of the two 
pick and place robotic assemblies are illustrated in box 
1 6 of Figure 2 in which a first pick and place robot takes 
the first hydration carrierfrom the first rotary transfer de- 
vice, translates it diagonally along the Z axis and then 
along the X axis, and then back down the Z axis for de- 
posit in the hydration tank 26. A second pick and place 
robot removes the first hydration carrier from the hydra- 
tion tank 26 after a pre-determined period of time and 
deposits it with the second rotary transfer device which 
rotates the carrier through 45° of motion illustrated in 
box 18a of Figure 2. After rotation, the second rotary 
transfer device transports the first hydraulic carrier in the 
X axis to the first disassembly station. This enables a 
first dis-assembly robotic transfer device 28 to remove 
the lens mold carrier and the associated lens molds from 
the first hydration carrier. A third robotic assembly as- 
sists the second rotary device in aligning the first hydra- 
tion carrier for dis-assembly. The dis-assembly device 
then moves in the Y axis as illustrated in box 1 8b of Fig- 
ure 2, discharges the lens molds into a collection bin, 
and then continues on to the return conveyor 21 to en- 
able the lens mold carrier plate to be returned back to 
the first assembly device described with respect to dot- 
ted line 14. 

[0081] A third robotic assembly receives the now in- 
verted first hydration carrier at the disassembly station 
and transports it through a series of motions as illustrat- 
ed in box 1Bb in Figure 2. The third robotic assembly 
may be found within the dotted line box 1 8 of Figure 1 , 
and will be more fully described and illustrated with re- 
spect to Figures 20, 21 and 22. After the lens mold car- 
rier plate has been removed, the top chamber plate, 
having a plurality of lens transport means and contact 
lenses adhered thereto is elevated in the Z axis as illus- 
trated in box 1 8b of Figure 2 to enable the contact lenses 
to be flushed. The top chamber plate is then inverted 
and further translated in the X axis, and then dropped 
along the Z axis to a hydration base carrier to form a 
second hydration carrier. The second hydration carrier 


is then advanced by a short stroke index conveyor 30 
through the extraction line enclosed within dotted line 
box 20 of Figure 1. The extraction line of Figure 1 in- 
cludes six extraction stations 32, each of which moves 
s in a Z axis to flush and extract leachable compounds 
from the contact lens. Two of the Z movements are il- 
lustrated in box 20 of Figure 2. The extraction stations 
will be further described and illustrated in Figures 23-25 
of the drawings. After the flushing and extraction is com- 
10 pleted, the top chamber plate is removed by a second 
robotic dis-assembly device generally located in the dot- 
ted line box 22 of Figure 1 . As illustrated in Figure 2, the 
second robotic dis-assembly device removes top cham- 
ber plate with a short Z axis stroke and then a long Y 
*5 axis stroke to carry the top chamber plate to the return 
conveyor line 21 . The base carrier with the contact lens- 
es therein is then translated in the X axis to the final 
staging area 36. A robotic lens transfer device 38 then 
removes the individual contact lenses from the base car- 
rier unit and transports them to a plurality of inspection 
carriers generally located at 40 in Figure 1. After the 
base carrier has been emptied of contact lenses, it is 
moved in the Y axis as illustrated in box 22 of Figure 2 
to be returned to the return conveyor 21. The second 
robotic dis-assembly device will be more fully described 
hereinafter with respect to Figures 26-29 of the draw- 
ings, The top chamber plate and the base carrier are 
sequentially washed and cleaned in a wash station gen- 
erally indicated in the dotted line box 23 of Figure 1 . The 
wash station will be more fully described with respect to 
Figures 30-32 of the drawings. The timing and relative 
interaction of the various robotic assemblies and devic- 
es is determined by a programmable logic controller lo- 
cated in control means 5, symbolically illustrated in Fig- 
ure 3. 

[0082] Figure 3 is an elevation view of the hydration 
apparatus 10 which illustrates in diagrammatic form, 
some, but not all of the major components of the present 
invention. As illustrated in Figure 3, the first robotic as- 
sembly, generally indicated at 12 carries a plurality of 
contact lens molds and contact lenses from the produc- 
tion line conveyor 11 to the assembly staging area 24. 
The robotic assembly device 14 provides the lens mold 
carrier plate and the top chamber plate that are used to 
create the first hydration carrier which is assembled at 
assembly area 24. The first hydration carrier is then ro- 
tated by the first rotary transfer device, indicated at 1 6a 
and positioned for the first pick and place robotic assem- 
bly 16, which receives the hydration carrierfrom the first 
rotary transfer device prior to insertion in the hydration 
tank 26. Hydration tank 26 is filled with deionized water 
having a small amount of surfactant therein, which is 
filled by means of filling assembly 43, and is kept at a 
constant temperature of 70-80°C by virtue of a thermo- 
statically controlled heater. Tank 45 is to accumulate and 
pressurize deionized water for use in the hydration ap- 
paratus, which water is distributed along manifold 33 to 
the various station of the assembly. The deionized water 
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is also degassed priorto use in the hydration apparatus. 
Figure 3 also illustrates six extraction stations 32 which 
are also supplied with the deionized water from a com- 
mon manifold 33. A collection sump 4 is used to collect 
deionized waste water from the extraction stations 32 
and discharge the water through a drain pipe 4a to a 
floor drain. The final dis-assembly station 40 also in- 
cludes a robotic dis-assembly device 34 which flushes 
the lenses as the top chamber plate is removed from the 
base carrier. 

HYDRATION CARRIER ASSEMBLIES 

[0083] The first and second hydration carriers are il- 
lustrated in Figures 4-10 in which Figure 4 is a top or 
plan view of the top chamber plate, and Figure 8 is a 
plan view of the lens mold carrier plate, which when a 
top mated together as illustrated In Figure 5 form the 
first hydration carrier assembly. 
[0084] Figures 6 and 7 illustrate the base carrier, 
which when combined with the top chamber plate of Fig- 
ure 4 forms the second hydration carrier. Detailed cross- 
sections of each of the hydration carriers are illustrated 
in Figures 9 and 1 0, wherein Figure 9 is a cross-section 
detail of a single hydration chamber of the first hydration 
assembly, and Figure 10 Is a cross-section detail of a 
single hydration chamber of the second hydration as- 
sembly. 

[0085] As illustrated in Figures 4 and 4(a), the top 
chamber plate is illustrated in a plan and elevation view 
to facilitate the explanation thereof, while in Figure 5. it 
is combined with the lens mold carrier plate in an as- 
sembled view. The top chamber plate 50 may be formed 
as metal such as hard coat aluminum, or plastic such 
as delrin or polycarbonate. The top chamber plate 50 
includes a plurality of orifices 51 which are illustrated In 
Figure 4(a). Each of the orifices 51 receives a single 
contact lens transfer means 52, thirty-two of which are 
illustrated in a 4x8 array in Figure 4. The top chamber 
plate 50 also includes four drilled openings 53, two of 
which receive two registration pins 54 spaced diagonally 
on the plate. While four pins could be used, it has been 
found that two provide satisfactory results. The use of 2 
pins, mounted diagonally in the 4 holes, enables sym- 
metric use of the mold carrier plate, which has 4 match- 
ing drilled openings. Symmetric use is desirable since 
the mold carrier plate is flipped once in each cycle of 
operation . 

[0086] The top chamber plate is secured to the lens 
mold carrier 74 by a plurality of magnets 58, thirteen of 
which are illustrated in Figure 4. The magnets 58 are 
secured to the top chamber plate 50 by means of mag- 
net holders 56, 56(a), 57, 57(a) and (57(b). These mag- 
nets are aligned with magnet steel buttons in the lens 
mold carrier as will be hereinafter explained in greater 
detail. While magnets have been used in the embodi- 
ment of the invention, it should be understood that a va- 
riety of quick release gripping means could be utilized 


such as polycarbonate or liquid crystalline polymer grips 
similar to the grip mechanism illustrated in the EP-A-0 
686 488. 

[0087] The lens mold carrier 74 is more fully described 

5 as illustrated with respect to Figures 8a and 8b. As illus- 
trated in Figure 8, the lens mold carrier plate 74 includes 
32 openings 76 which are used to receive individual lens 
molds and the contact lens molded therein. The bowl of 
the contact lens mold is received within a resilient sili- 

io cone rubber cushion washer 78 which centers the bowl 
and provides a resilient cupping between the plate and 
the mold when the mold is contacted by the lens receiv- 
ing means 52 of the top chamber plate, as will be here- 
inafter described with respect to Figure 9. 

is [0088] As illustrated in Figure 8a, the cushioning 
washer 78 is centered within the lens mold carrier 74 
and mounted within an annular O ring groove 82 formed 
in the center of opening 76. The operative faces of cush- 
ioning washer 78 are symmetrical on opposite sides of 

20 plate 74. This enables either side of the lens mold carrier 
74 to receive the lens molds at the time the first hydration 
carrier is assembled. 

[0089] As illustrated in Figure 8b, a magnet steel 80 
is secured within recesses 77 by press fitting the magnet 

25 steel into mold carrier plate 74. The magnet steel being 
is of 1 7-4 ph stainless steel which prevent oxidation or 
other reactions under normal process conditions. The 
magnet steel members 80 cooperate with the magnets 
58 secured in the top chamber plate 50 to hold the two 

30 in a single assembly as illustrated in Figure 5 as the first 
hydration carrier. Registration pins 54 engage two of the 
registration opening 75 defined in the lens mold carrier 
plate 74. 

[0090] One optional form of construction is to form the 

35 mold carrier plate 74 in two planar parts, and sandwich 
the cushioning washers 78 and the magnet steels ther- 
ebetween at the time of assembly. 
[0091 ] The convex lens transfer elements used in the 
present invention are illustrated in Figures 5(a) -(c) in 

40 which the convex surface 53 is molded to receive a soft 
contact lens, and to retain the lens with surface tension 
during transfer of the lens from one station to the next. 
The element is preferably molded of polyetheretherk- 
entone (PEEK) which provides the desired surface fin- 

45 ish and surface energy levels with a long production life 
under the process conditions of the present invention. 
A central orifice 62 is provided to provide a fluid flow to 
unseat a contact lens carried by the convex surface 53. 
An annularwall 56 surrounds the convex surface to pre- 

50 vent the loss of lenses that may not be correctly cen- 
tered during transfer. A plurality of openings 55 are 
formed in the annular sidewall 56 to allow flushing fluids 
to escape when the contact lens is flushed with a con- 
tinuous stream of de-ionized water, as for example, dur- 

55 ing flushing of the hydration chamber, when the convex 
surface is mated to a concave surface, as illustrated in 
Figure 10. 

[0092] The hydration base member 60, used to form 
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the second hydration carrier, is more fully described and 
illustrated with respect to Figures 6 and 7 which illus- 
trates a multi level carrier having a plurality of concave 
lens holding means 61 mounted thereon. The layers 
may be formed of metal, such as aluminum, or plastic 
such as polycarbonate, or a mixture thereof. In the pre- 
ferred embodiment the upper layer is formed of alumi- 
num, the inner manifold layers are formed of polycar- 
bonate, the base member is formed of stainless steel 
with small protrusions to provide a desired spacing be- 
tween carriers and the bottom layer is formed of Delrin 
to reduce friction. Each of the concave lens holding 
means 61 includes a central fluid orifice 62 for introduc- 
ing a fluid between the contact lens holding means and 
a contact lens contained therein. As will be hereinafter 
described, this fluid may be air or water. Each of the flu id 
ports 62 is connected by a plurality of fluid passage ways 
which extend through each layer of the manifold to four 
upwardly extending fluid coupling members 63 illustrat- 
ed in Figure 6. Fluid introduced through these fluid cou- 
pling ports 63 travels through the coupling to four V 
shaped conduits defined in plate layer 65 to a series of 
cross over manifolds 66. The cross over manifolds 66 
are defined in manifold layer 67 and feed directly to the 
fluid ports 62 defined in each of the concave lens holding 
means 61 . In between each row of concave lens holding 
means 61 is a drain channel 70 which extends outwardly 
to drain liquid flowing from the hydration chambers de- 
fined by the concave lens holding means 61 to a collec- 
tion sump tank 4 located below the extraction stations 
for collection and drainage. Sump tank 4 is diagrammat- 
ically illustrated in Figures 3 and 23. 
[0093] As illustrated in Figure 1 0, the hydration base 
illustrated In Figure 6 and 7 is combined with the top 
chamber plate 50 illustrated in Figure 4 to form the sec- 
ond hydration carrier having a plurality of hydration 
chambers therein. In the embodiments illustrated with 
the top chamber plate of Figure 4 and the hydration base 
of Figure 6 and 7, thirty-two separate hydration cham- 
bers are formed between the contact lens transfer sur- 
face 53 and each of the concave lens holding means 
61 . When the top chamber plate 50 is lowered into en- 
gagement with hydration base 60, the upwardly extend- 
ing couplings 63 pass through the registration openings 
59(a), 59(b) defined in the top chamber plate 50 to align 
and register the convex lens transfer surfaces with the 
concave lens holding means to form the plurality of hy- 
dration chambers. A plurality of openings 55 formed in 
a circumferential wall 56 of the contact lens transfer el- 
ement 52 provides a plurality of fluid discharge openings 
for fluids introduced through fluid port 62 of the concave 
lens holding means, and port 51 of the top chamber 
plate 50. Thus, fluid may be introduced into the hydra- 
tion chamber from either side of the contact lens during 
flushing of the hydration chamber, and will remain in the 
convex lens holding means 61 after flushing by virtue of 
fluid equilibrium which is established by rim 61c of the 
concave lens holding means. This residual fluid is used 


for extraction between flush cycles. 
[0094] The first hydration assembly is illustrated in 
Figures 5 and 9 wherein Figure 5 represents an end 
view of the top chamber plate 50 illustrated in Figure 4, 
5 and Figure 9 is an enlarged cross-section illustration of 
a single hydration chamber formed therein. The front 
curve lens mold 9 is secured within the lens carrier plate 
74 and is centered within the rubber cushioning washer 
78 with the annular flange of the lens mold centered 
10 within annular recess 79a. When the top chamber plate 
50, lens mold 9 and the lens mold carrier 74 are assem- 
bled, the contact lens 8 is still adhered to the lens mold 
9. During the hydration thereof, the assembly illustrated 
in Figure 9 is inverted when placed in the hydration tank 
26 and as the lens hydrates, it breaks free of the lens 
mold 9 and Is transferred to the convex lens transfer 
means 53 by gravity. Thereafter, when the first hydration 
carrier is removed from the hydration bath, the contact 
lens 8 is secured to the convex lens transfer surface 53 
by surface tension. 

HYDRATION STAGING AND ASSEMBLY 

[0095] The first and second robotic assemblies, the 
first and second rotary transfer devices, and the first as- 
sembly device are illustrated in Figures 11-19. These 
areas correspond to dotted line boxes 12, 14 and 16 of 
Figure 1 . 

[0096] The first assembly device illustrated in Figures 
11-13 initiates the first cycle of operation for the appa- 
ratus by placing the lens mold carrier plate at the as- 
sembly station 24. 

FIRST ASSEMBLY DEVICE 

[0097] The first assembly device is contained within 
the dotted line box 14 of Figure 1, and is illustrated in 
an elevation view in Figure 11 , a plan view of Figure 12, 
and a side elevation view in Figure 13. This device in- 
cludes a reciprocating set of four vacuum grips 101 
which reciprocate back and forth between the return 
conveyor 21 and the assembly 24. The vacuum grip as- 
sembly 1 01 is mounted for reciprocation in the Z axis on 
reciprocating frame 102 and for reciprocation In the Y 
axis (of Figure 1) on carriage member 104 as illustrated 
in Figure 13. Carriage member 104 reciprocates to the 
position 104a along a IKO ball screw drive which is il- 
lustrated in cross section in Figure 1 7. Carriage member 
1 04 is mounted to the ball screw drive 1 05 which is re- 
ciprocated along the Y axis by means of a rotating 
threaded rod 1 06. It is supported for reciprocation on 
linear guides 107, 108 by means of bearing members 
109, 110. The linear guides 107, 108 are supported by 
plate member 1 1 1 which is fixably attached to the frame 
112 of the hydration apparatus. Another IKO drive 1 03 
is used to reciprocate the frame member 102 with re- 
spect to the carriage 104 and provides for multi level 
operation for the vacuum gripping assembly. 
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[0098] Referring to Figure 13, in operation, a lens 
mold carrier plate 74 is returned to the assembly station 
by return conveyor 21 and lifted by the vacuum gripping 
assembly 101(a) to the position 102b illustrated in Fig- 
ure 1 3. The carriage 1 04 is the reciprocated in the Z axis s 
of Figure 1 while in the position illustrated at 1 04a. After 
vertical clearance is achieved the carriage 104 is recip- 
rocated in the Y axis to the position illustrated at 104, 
whereupon the frame member 102 reciprocates from 
the position 1 02a to the position 1 02b for release of the 10 
lens mold carrier plate at the assembly area 24. 
[0099] As illustrated in Figure 1 6, the lens mold carrier 
plate 74 is deposited in the assembly area 24 in regis- 
tration with a pair of reciprocal pins 128 which are used 
to align and register the carrier plate for subsequent as- *s 
sembly operations. Registration is further facilitated by 
means of fixed guides 114, 115 and a moveable guide 
1 1 6, the operation of which will be herelnafterfurther de- 
scribed with respect to Figure 1 1 . An infra red beam is 
transmitted along optical path 1 1 7 to shut down the op- 20 
eration of the station if a plate or carrier is mis-aligned 
or improperly seated. 

[0100] Referring to Figure 13, the vacuum grips 101 
and the frame member 1 02 are raised to the position 
illustrated at 1 02a, and reciprocated back to the return 25 
conveyor 21. As they are reciprocated back, the vacuum 
grips are further raised in the Z axis to the position illus- 
trated at 1 01 a and 1 02c. Two levels of reciprocation are 
necessary inasmuch as the two elements of the first hy- 
dration earner, the mold carrier plate 74 and the top 30 
chamber plate 50 are of different height. After the mold 
carrier plate 74 has been placed at position 24, and be- 
fore the top chamber plate 50 is aligned therewith, the 
first robotic assembly delivers a plurality of contact lens 
molds from the production line 1 1 to the lens mold carrier 35 
plate 74. 

FIRST ROBOTIC ASSEMBLY 

[0101] The first rob otic assembly is more fully illustrat- 40 
ed in Figures 14 and 1 5 wherein Figure 14 is a plan view 
of the area delineated by dotted line box 12 of Figure 1 , 
and Figure 15 Is an elevation view thereof. As illustrated 
in Figure 14, in the preferred embodiment of the Inven- 
tion, 32 contact lens molds are transferred in a single 
step from the production line conveyor 1 1 to the first as- 
sembly area 24. These contact lens molds are carried 
in four production line pallets 7a, 7b, 7c and 7d and are 
held on the production conveyor 1 1 by means of a move- 
able stop 11a. A vacuum gripping assembly illustrated 50 
in Figure 15 as 120 moves from the position 120a over 
the production line conveyor to the position 120 in the 
direction of arrow c in Figure 1 5. The vacuum head as- 
sembly 1 20 includes 32 individual vacuum gripping cups 
which grip the front curve lens mold around the annular ss 
flange thereof for transport between the production line 
conveyor and the first assembly area 24. 
[0102] The vacuum head assembly 120 illustrated in 


Figure 15 reciprocates along the Z axis by virtue of 
pneumatic cylinder in carriage 122. Likewise, the car- 
riage 122 reciprocates in the X axis by virtue of an IKO 
ball screw mechanism previously described with re- 
spect to Figure 17 wherein the fixed or stationary sup- 
port member is fixably attached to frame members 124, 
1 25 which span the distance between the production 
line conveyor 11 and the assembly staging area 24. 
Pressure monitoring sensors are provided for the vacu- 
um source for each of these suction heads carried by 
vacuum assembly 120. In the event of a missing or mis- 
registered lens mold, a defect signal is passed to a pro- 
grammable logic controller which controls the operation 
of the hydration apparatus 10, and the synchronization 
of the various robotic elements within the apparatus. 
While four vacuum grippers are illustrated in the end 
view of Figure 15, it is understood that 32 grippers are 
provided in the matrix array illustrated in Figure 14 for 
the pallets 7a-7d and the lens mold carrier plate 74. 
[0103] The lens mold carrier plate 74, illustrated in 
Figure 14, is registered in position by virtue of tapered 
registration pins 128 illustrated in Figure 16, which are 
reciprocated upwardly for initial engagement of the lens 
mold carrier by a pneumatic cylinder 129 as illustrated 
in Figure 1 5. The registration pins engage two of the reg- 
istration openings 75 Illustrated in Figure 8. In the pre- 
ferred embodiment of the invention two reciprocating 
pins 1 28 are provided to securely position the lens mold 
carrier 74 against movement in both the X and Y axis. 
One or more magnets may be provided to cooperate 
with the magnet steel buttons 80 to hold the lens mold 
carrier plate in the Z axis. This prevents the plate from 
jumping in the Z axis when the top chamber plate (hav- 
ing a magnet therein) is lowered into position. 
[0104] After the lens mold carrier 74 has been se- 
cured and registered, as illustrated in Figure 1 4, the con- 
tact lens molds are transferred by the vacuum assembly 
120 from the position illustrated at 120a in Figure 15 to 
the position illustrated at 120. Each of the lens molds, 
and contact lenses, are then deposited in the lens mold 
carrier 74 as was previously described with respect to 
Figure 9. While the first robotic assembly is reciprocat- 
ing In the direction of arrow C, the moveable stop 1 1 a is 
lowered, and the pallets 7a-7d are then conveyed along 
the production line conveyor 11 to the pallet return con- 
veyor 11b and a new set of pallets is assembled from 
the incoming production line conveyor at 11c. Stop 11a 
is again raised, and a new matrix is assembled as illus- 
trated in Figure 14. 

[0105] After the lens molds have been deposited in 
the lens mold carrier plate 74, the first robotic assembly 
reciprocates in the direction opposite the arrow C to pick 
up the new lens molds, while the first assembly device, 
illustrated in Figure 13, picks up a top chamber plate 
from the return conveyor 21 , and carries it along the Y 
axis to the assembly position 24 as illustrated in Figure 
11 and 13. The top chamber plate 50 is then lowered in 
the Z axis to be deposited on the lens mold carrier 74 


10 


19 


EP 0 806 286 B1 


20 


and on the contact lens molds therein to form the first 
hydration assembly illustrated in Figure 5. The first as- 
sembly device then retracts the vacuum g ripper assem- 
bly 101 , first in the Z axis, and then in the direction op- 
posite the arrow A to pick up a new lens mold carrier s 
and to initiate another start cycle for the hydration ap- 
paratus. 

FIRST ROTARY TRANSFER DEVICE 

10 

[0106] The operation of the first rotary transfer device, 
generally indicated at 1 6a is described in Figures 11,12, 
15 and 16. After assembly of the first hydration carrier 
is completed, the registration pins 128 are withdrawn 
from the lens mold carrier by pneumatic cylinder 129. '5 
Pneumatic cylinder 130 then reciprocates moveable 
alignment guide 1 16 in the X axis, as illustrated by arrow 
c in Figure 15 in order to slide the first hydration carrier 
along rails between the jaws 132a, 132b of the first ro- . 
tary transfer device. Jaws 132a, 132b are opened and 20 
closed by air hands and are mounted for rotation about 
axis 136 by virtue of a rotary air cylinder 138 as illustrat- 
ed in Figures 12 and 16. This placement stroke trans- 
ports the assembled hydration carrier from position 24 
to 24(a) as illustrated by the arrow A in Figure 16. The 25 
first hydration carrier is guided initially by alignment 
guides 114, 115 but then slides on top of a pair of rails 
602,604 as it is advanced by push plate 1 1 6 into the jaws 
132(a), 132(b) of the first rotary transfer device at posi- 
tion 24(a). The stroke of cylinder 130 has been length- 30 
ened. and the turning axis 136 has been moved, to en- 
able the rotary movement from the position 24(a) 
marked by dotted lines in Figure 16, to be carried out 
simultaneously with the assembly operation at 24, 
thereby compressing the cycle time of the assembly with 35 
respect to the apparatus illustrated En the parent appli- 
cations. The jaws 132(a), 132(b) are supported for rota- 
tion on crank shaft 606, the throw of which provides a 
mechanical advantage for rotating the assembled hy- 
dration carrier about axis 136. Once the hydration car- 40 
rier has been received by the first rotary transfer device, 
the jaws and the first hydration carrier are rotated in a 
clockwise manner through 135° of rotation as illustrated 
at 1 6a in Figure 2, to the dotted line illustrated in Figures 
1 1 and 1 5, for hand off to the pick and place robotic as- & 
sembly 202. 

PICK AND PLACE ROBOTIC ASSEMBLIES 

[0107] The pick and place robotic assemblies (which 50 
collectively may be termed the second robotic assem- 
bly) include the motions depicted in box 16 of Figure 2 
and include the first and second pick and place robotic 
units 202, 204 described with respect to Figures 11,11 
(a) and 19. ss 
[0108] As illustrated in Figure 11, the two pick and 
place robotic assemblies 202, 204 are mounted for di- 
agonal Z axis reciprocation on angled brackets 206, 


208, and mounted for linear X axis reciprocation on car- 
riages 210,212. Figure 1 9 illustrates a drive mechanism 
for the first pick and place robotic assembly 202. The 
second pick and place robotic assembly 204 uses sub- 
stantially the same drive mechanisms, but from the op- 
posite side of hydration tank 26. Each pick and place 
robotic unit includes a pair of gripping jaws 214, 215 
which grip the first hydration carrier 200 as illustrated in 
Figures 11(a) and 19. The gripping jaws 214, 215 are 
actuated by pneumatic motors 21 6, 21 7 which are f ixa- 
bly mounted to a carriage member 206 via an offset 
bracket 608 which reciprocates along the diagonal Z ax- 
is by virtue of an IKO ball screw drive 221 mounted in 
housing 218. Within the housing are guide rails 21 9. 220 
and a rotating screw drive 221 which is driven by motor 
222. Nut member223 is f ixably attached to robotic mem- 
ber 202 and draws the member 202 along the guide rails 
219, 220 as motor 222 is rotated. The pick and place 
robot 202 reciprocates not only, along the range of mo- 
tion illustrated in Figures 11 (a) and 19 by the arrow "Z", 
but also reciprocates along the X axis of Figure 1 as de- 
lineated by the arrow X of Figure 19 to the position B 
illustrated in Figures 11(a) and 19. The lower drive unit 
224 drives the carriage member 210 which is secured 
to the underside of bracket 206 as illustrated in Figure 
11 and 11(a). The lower drive 224 is also an IKO ball 
screw mechanism and its operation is essentially iden- 
tical to that previously described with respect to IKO 
drive 21 8. 

[01 09] Pick and place unit 202 reciprocates diagonal- 
ly downward in the Z axis as illustrated in Figure 11 and 
11(a) to engage a first hydration carrier 200 which has 
been rotated by the rotary cylinder 1 38 of the first rotary 
transfer device to the position illustrated in Figures 11 
and 11(a). As pneumatic motors 216 and 217 are actu- 
ated, the air hands are released thereby opening the ro- 
tary transfer device jaws 132(a), 132(b). The first pick 
and place robotic assembly 202 then reciprocates up- 
wardly in the direction of arrow Z in Figure 11 and 11a 
until the first hydration assembly 200 has cleared hydra- 
tion tank 26. When sufficient vertical clearance is se- 
cured, drive 224 is actuated, drawing carriage 210 and 
the first pick and place unit 202 in the X axis as illustrated 
by the arrow X in Figure 1 1 . The first pick and place ro- 
botic unit 202 receives each of the first hydration carriers 
from the first rotary transfer unit and places each of them 
in the first open slot of a walking beam assembly mount- 
ed in hydration tank 26. As illustrated in Figure 11 on at 
position B, the first hydration assembly 200 is recipro- 
cated back downwardly in the direction of the Z axis until 
the first hydration carrier 200 is securely positioned with- 
in walking beam assembly on lower rail member 610. 
The pneumatic cylinders 216, 217 are then actuated to 
open the clamping Jaws 21 4,215, and allow the first hy- 
dration assembly to rest within the hydration tank 26. 
The first pick and place robotic unit 202 then returns 
along the Z axis in the opposite direction to achieve ver- 
tical clearance and then back along the X axis to receive 
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the next first hydration assembly from the first rotary 
transfer unit. 

[0110] During each cycle of operation, the second 
pick and place robotic unit 204 begins travels in the Z 
axis at the end of the hydration tank 26. The second pick 
and place robotic unit 204 is reciprocated downwardly 
along the Z axis In Figure 11 and 11(a) until It reaches 
the last hydration assembly 200 in the walking beam as- 
sembly of hydration tank 26. The jaw members 244, 245 
of the second hydration assembly 204 are then actuated 
by pneumatic cylinders 246, 247 to engage the first hy- 
dration assembly 200 for withdrawal from the hydration 
tank. The upper carriage member is then reciprocated 
upwardly along the Z axis to withdraw the first hydration 
assembly 200 from the hydration tank 26. After clearing 
the hydration tank 26, the second pick and place unit 
204 is then reciprocated in the X axis in the direction of 
arrow B until it reaches the position 204a illustrated in 
Figure 1 1 and 1 1 (a). The carriage 21 2 of the second pick 
and place robot 204 is then reciprocated downwardly in 
the Z axis to deposit the first hydration carrier with the 
second rotary transfer device generally indicated by the 
numeral 18a in Figures 11 and 12. As will hereinafter be 
explained in greater detail with respect to the second 
rotary transfer unit, the unit holds the first hydration car- 
rier, and rotates it through 45° of motion as illustrated in 
Box 18b of Figure 2 and then translates it in the X axis 
to enable transfer of the first hydration carrier to the first 
disassembly station and the third robotic assembly illus- 
trated and described with respect to Figures 20-22. 

HYDRATION 

[0111] As illustrated in Figures 11-12, the hydration 
tank 26 provides for full and complete immersion of the 
first hydration carrier 200 in a deionized water solution, 
wherein the solution contains a small amount of sur- 
factant, typically on the order to .005 % to 5 % by vol- 
ume. Suitable surfactants include the family of polymer- 
ic surfactants, in this instance, preferably a polyethylene 
oxide sorbitan mono-oleate, commercially sold under 
the tradename "Tween 80". 

[0112] This solution differs substantially from the hy- 
dration solution used in the prior art processes typified 
in U.S. Patent No. 4,495,313 to Larsen inasmuch as the 
time consuming ionic neutralization of the polymer from 
which the lens blank may be made does not have to oc- 
cur during the hydration process. When deionized water 
is used in the hydration process, a buffered saline solu- 
tion is added to the final packaging of the lens so that 
the final lens equilibrium (ionic neutralization, final hy- 
dration and final lens dimensioning) is accomplished in 
the package at room temperature or during the sterili- 
zation process. That neutralization creates temporary 
destabilizationofthe dimension of the lens, and requires 
an extended period of time to complete, which results 
in an undesirable large batch operation when placed in 
an automated production line having a serial molding 


input and serial package output. 
[01 13] The transit time in the hydration tank 26 is to 
some extent dependent upon the temperature of the hy- 
dration bath. For a deionized water hydration bath with 
s a 0.05% surfactant, the desired residence time for a HE- 
MA soft contact lens varies from 3 to 1 0 minutes at tem- 
peratures of 55°C to 90°C. In the preferred embodiment, 
a five minute residence time has been found advanta- 
geous when the hydration bath temperature is main- 
10 tained at 70°C plus or minus 5 degrees. 

[0114] It is noted that during the residence time in the 
hydration tank, the contact lens 8 hydrates and swells, 
thereby breaking free of the front curve mold half 9. 
Since the top chamber plate 50 and the front curve mold 
is half 9 and the mold carrier plate 74 have been inverted 
by the first rotary transfer device at 16a, the lens is sub- 
jected to gravity as soon as It breaks free of mold half 
9. While movement of thefirst hydration carrier200 may 
move the lens about in the defined hydration chamber 
(illustrated in Figure 9) that lens will settle on the convex 
lens transfer surface 53 as the first hydration carrier 200 
is lifted free of the hydration bath 26 by pick and place 
robotic unit 204. 

[0115] The velocity or speed of movement for the first 
and second pick and place robotic units 202, 204 Is var- 
ied significantly as the first hydration carrier is inserted 
or removed from the hydration tank 26. when pick and 
place unit 202 has reached the hydration tank entry 
point, the drive motor 222 is slowed significantly and en- 
try into the hydration tank continues at a rate not ex- 
ceeding 40 mm per second. It has been found that if the 
rate of entry into the tank exceeds 40 mm per second, 
bubbles of air can be trapped in the hydration chamber 
formed between the convex lens carrying surface 53 
and the contact lens mold 9, and may subsequently in- 
terfere with the transfer of the lens 8 from the mold 9 to 
the first convex lens carrier surface 53. Subsequent 
handling of the lens by the lens transfer means and con- 
vex carrier surface 53 is via surface tension and gravity 
while immersed in the hydration tank and air bubbles 
trapped between the lens and the convex lens carrier 
element will impair the lens handling ability of the trans- 
fer means. 

[0116] Similarly, when the second pick and place ro- 
botic unit 204 removes the first hydration carrier 200 
from the hydration tank, the velocity of the carrier, while 
immersed in the hydration tank, is limited to 24 mm/sec- 
onds. After the hydration carrier 200 has cleared the hy- 
dration bath, the upward movement is accelerated as 
the robotic unit 202 moves the carrier for handoff to the 
second rotary transfer unit. 

HYDRATION TANK TRANSPORT 

[0117] As described earlier, the first pick and place ro- 
botic assembly deposits a first hydration carrier 200 at 
the front end of the hydration tank 26, and the second 
robotic pick and place unit removes the first hydration 
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carrier 200 from the end of the hydration tank. Transport 
from the front to the end of the hydration tank is accom- 
plished by a walking beam assembly which will be de- 
scribed with respect to Figures 4 and 11-12. 
[01 1 8] The walking beam assembly includes two fixed 
supports for each hydration carrier 200 present in the 
hydration tank, and two movable support members for 
each hydration carrier in the hydration tank. The mova- 
ble supports begin the cycle by moving vertically to en- 
gage each of the hydration carriers, and to lift them off 
the fixed supports. The movable supports then translate 
each of the hydration carriers in the tank, en masse, one 
position toward the rear of the tank. The movable sup- 
ports are then lowered, lowering the hydration carriers 
back to the fixed supports, and in the final return stroke, 
the movable carriers are returned to their original posi- 
tion. Thus, in each cycle of operation each of the indi- 
vidual first hydration carriers 200 Is advanced one slot 
through the hydration tank from beginning to end. 
[0119] As illustrated in Figures 11(b) and 12, a pair of 
elongate rails 610,612 are spaced in parallel along the 
length of the tank and elevated slightly above the bottom 
of the tank by a support bracket 614 which is adjustably 
mounted via adjusting screws 616,618 to a pair of side 
blocks 620,622, mounted on the interior of the tank wall 
624. Each of the elongate rails 610,612 include a plu- 
rality of notches which can be seen in Figure 12, which 
receive a hydration carrier at each notched position 
along the transport path. As illustrated in Figure 11(b) 
and Figure 1 2, there are a plurality of fixed support pins, 
two of which are illustrated as 626, 628 in Figure 11(b), 
and a row of which are illustrated as fixably attached to 
an elongate bracket member 630 in Figure 11 . As illus- 
trated in Figure 11 , there are four first hydration carriers, 
three of which are enumerated as 200a, 200b and 200c, 
with 200a being positioned in the first slot in the tank 
and 200c being positioned in the last slot in the tank. As 
illustrated in Figure 11 and 11(b), the hydration carriers 
200 are positioned on the fixed supports with their low- 
ermost edges resting on the elongate support rail 
610,612, and their uppermost flanges resting on the 
fixed support pins similar to 626 and 628 of Figure 1 1 (b). 
[0120] Referring to Figure 4, ft can be seen that there 
are four tabs 632a,b, 634a,b, 636a, b and 638a,b which 
extend outwardly from either side of the top chamber 
plate 50. The tabs are spaced symmetrically about the 
first hydration carrier to enable symmetrical operation of 
the device without regard to the orientation of the first 
hydration carrier 200. As can be noted in the end tab 
632a .b and 638a, b there are a plurality of notches c,d 
which are used to engage correspondingly-formed pro- 
trusions on the engagement surfaces of the movable 
support members which transport the hydration carriers 
through the tank. 

[01 21 ] When the first pick and place robotic assembly 
deposits a first hydration carrier in the hydration tank 26, 
the lowermost longitudinal edge (illustrated as 50a in 
Figure 4) is laid to rest on the elongate support rails 


610,612 and as the gripping jaws 215 are opened, the 
hydration carrier is allowed to relax with the upper tabs 
632a, b coming to rest on the fixed pins 626,628 as de- 
scribed previously. When the movable support mem- 

s bers engage the first hydration carrier 200, they will en- 
gage the lowermost tabs 638 a, b and the tabs 634a, b 
positioned approximately three-fourths of the way along 
the height of the hydration carrier. The movable support 
members are mounted on a pair of elongate support 

10 plates 640,642 which are parallel to the sidewalis of hy- 
dration tank 26 and supported by a pair of elongate 
beams 644,646 which also extend the length of the hy- 
dration tank. One of the plates 640 is illustrated in Figure 
11 having a plurality of circular apertures drilled therein 

is to reduce the weight of the assembly, and a plurality of 
slots machined therein, illustrated as 640a in several lo- 
cations. Each of the plates 640,642 has multiple slots 
machined therein wherein each slot receives a pair of 
engageable support pins as illustrated in Figure 11 (b). 

20 The lowermost pins 648.650 engagethe lowermosttabs 
638a, b of the first hydration carrier while the second set 
of pins 652.654 engage tabs 634a,b. In the position il- 
lustrated in Figure 11 (b), the hydration carrier 200a is at 
rest in the fixed position with the movable pins mounted 

25 on plates 640,642 positioned below the engagement 
tabs 634a, b and 638 a, b. While four pins 648-654 have 
been illustrated in Figure 11(b), it is understood that 
there are four pins for each plate, with two pins mounted 
in each slot 640a of movable support plates 640 and 

30 corresponding pins mounted in the slots formed in plate 
642 (not shown). The movable plates 640,642 and the 
movable support pins generically illustrated at 648-654, 
move in a circular box as illustrated by the arrow box D 
in Figure 11 with the first stroke a vertical stroke to lift 

35 the hydration carriers from the support rails 61 0,612 and 
to carry the tab members 632a,b above the fixed support 
pins 626 : 628. After the vertical clearance has been 
achieved, the entire mechanism is reciprocated along 
the X-axis until each of the hydration carriers has been 

40 advanced one slot through the apparatus. The entire 
mechanism is then lowered along the vertical axis until 
each of the hydration carriers again come to rest on the 
horizontal support rail 610,612. The movable members 
continue their downward descent until the movable pins 

45 are below the tabs formed on the top chamber plate of 
the first hydration carrier. When they have reached the 
lowermost portion of the descent, they are reciprocated 
along the X-axis back towards the front of the machine 
to begin the cycle anew. 

so [0122] Movement along the vertical axis is accom- 
plished by a pneumatic cylinder 656 which is centered 
above the tank and connected to a yoke assembly 658 
which supports frame members 644,646 and the hori- 
zontal side plate 640,642. There are four guide bearings 

55 658a-d which are used to damp isolation and to guide 
the reciprocal assembly in the vertical direction during 
the Z-axis stroke. The pneumatic cylinder 656 is mova- 
bly mounted for reciprocation in the X-axis on a support 
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bracket 660 which is supported by a pair of rolling truss 
supports 662,664 for reciprocation along track members 
666a.b 668a,b once the pneumatic drive cylinder 656 
has lifted all of the first hydration carriers in the hydration 
tank from the longitudinal support rail 610,61 2. A linear 5 
drive motor 670 translates the entire assembly along the 
tracks 666a,b and 668a, b for the distance of approxi- 
mately one slot. After reaching the new X-axis orienta- 
tion, the pneumatic cylinder 656 lowers the first hydra- 
tion carriers back into position on the fixed support rail w 
610,612. As the movable pins 648,654 continue their 
downward descent, the uppermost portions of the hy- 
dration carriers 632a,b come to rest on the fixed support 
pins 626,628. 

[01 23] The cycle time of the apparatus may be varied, is 
but is dependent to some extent on the cycle rate of the 
production line as a whole. Hydration at the aforesaid 
temperature may last from 3 to 8 minutes, and prefera- 
bly 5 minutes and it is therefore desirable to have suffi- 
cient slots in the hydration tank to accept the entire out- 20 
put of the line for the hydration period selected, as di- 
vided by the cycle rate of the production line as a whole. 

SECOND ROTARY TRANSFER DEVICE 

25 

[01 24] The operation of the second rotary transfer de- 
vice will be hereinafter explained with reference to Fig- 
ures 11 , 11c and 12 in which the rotary device receives 
the first hydration carrier 200 and rotates it through 45° 
of arc as illustrated in Box 1 8b of Figure 2. The second 30 
rotary device of the present invention may be distin- 
guished from the same device described in the parent 
applications in that some of the functions previously de- 
scribed in the third robotic assembly has been assumed 
by the second rotary device, as will hereinafter be ex- 35 
plained in detail. 

[0125] As illustrated in Figure 11, a second rotary 
transfer device includes a rotary frame 250 which pivots 
about axis 251 in response to the rotation of rotary cyl- 
inder 255 which is fixably secured to a reciprocating 40 
frame 253 by bracket member 254. The rotary cylinder 
255 drives the rotary frame 250 through 45° of rotation 
from the position Illustrated in Figure 11 to the horizontal 
position illustrated in Figures 12 and 11c. The rotary 
frame 250 is journaled for rotation on shaft 250(a), about 45 
axis 251 by rotary cylinder 255 and journaled bearing 
256, both of which are bracket mounted to reciprocating 
frame 253. Reciprocating frame 253 is supported on one 
side by a roller and track mechanism 257, and on the 
other by a pneumatic cylinder drive mechanism 259 for 50 
reciprocation along the X axis. The pivotable frame 250 
includes a pair of L-shaped support rails 260, 261 and 
a back plate 258 which receive the first hydration carrier 
from the second pick and place robotic assembly and 
carry it during transport. The L-shaped support rails are 55 
slidably mounted on shaft 250(a) and are reciprocated 
into and out of engagement with the first hydration car- 
rier by pneumatic cylinders 260(a) and 261 (a). When the 


second pick and place unit 204 begins its downward Z 
axis descent from the position illustrated in 204a, the 
second rotary transfer device is rotated counterclock- 
wise 45° to the position illustrated at E in Figure 1 1 , with 
L-shape side rails angled upward and open to receive 
the first hydration carrier 200. As the hydration carrier 
is released by the second pick and place robotic assem- 
bly, the hydration carrier comes to rest against the stop 
plate 258, between registration blocks 258(a), 256(b). 
The pneumatic cylinders 260(a), 261(a) then close the 
L-shaped rails 260,261 to grip the hydration carrier ther- 
ebetween. The second rotary transfer device is then ro- 
tated to the solid line position illustrated in Figure 11c 
and 1 2. Rotation is accomplished by rotary cylinder 255 
which rotates frame 250 about axis 251 as illustrated in 
Figure 11c. Pneumatic drive 259 is then actuated to 
transport the hydration carrier in the x axis for transport 
to the first disassembly area and handoff to the third ro- 
botic assembly. 

THIRD ROBOTIC ASSEMBLY 

[0126] As illustrated in Figure 12 and particularly Fig- 
ure 20 at position A, the second rotary assembly has 
received the first hydration carrier 200 from the second 
pick and place robotic assembly. It then transports the 
hydration carrier to the first disassembly station gener- 
ally indicated at B. The third robotic assembly also 
moves to position B and positions itself under the hydra- 
tion carrier 200, which is still supported by the side rails 
260, 261 and back plate 258 of the second rotary device. 
As indicated previously, this transport is accomplished 
with IKO linear drive 259. The third robotic assembly in- 
cludes a pair of tapered registration pins 305, one of 
which is illustrated in enlarged detail in Figure 1 8(b). The 
registration pins penetrate the openings 59 in the top 
chamber plate 50 while a pair of female sockets 301 are 
descending through the opening 53 formed in the mold 
carrier plate 74. When the registration pin 305 is mated 
to the female socket 301 , the three robotic assemblies 
are registered in alignment. A compliant coupling 365, 
illustrated in Figure 1 8a enables registration compliance 
for the first robotic disassembly device. At position B, 
the first robotic disassembly device 360 removes the in- 
dividual front curve molds and the mold carrier plate 
from the first hydration carrier, leaving the top chamber 
plate 50, the associated contact lens transfer devices, 
and the contact lenses mounted thereon positioned up- 
wardly as will be hereinafter described with respect to 
Figure 1 8-20. The first disassembly device 360 includes 
a plurality of individual vacuum grips 370, one for each 
mold half, which engage the mold halves for removal. 
The device also Includes vacuum grips 372 which en- 
gage the mold carrier plate as will hereinafter be de- 
scribed in greater detail. After lifting the mold halves and 
the mold carrier plate from the hydraulic assembly, the 
device discards the lens mold halves in a collection bin, 
and returns the lens mold carrier plate to the return con- 
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veyor 21 for return to the first assembly device. After the 
first hydration carrier has been disassembled, the third 
robotic device grips the top chamber plate 50 and moves 
to the position illustrated at letter C wherein the carrier 
is reciprocated upwardly along the Z axis to the flushing 
station 380 while the contact lenses remain secured to 
the convex surface 53 of the lens carrier means illustrat- 
ed in Figure 9. The lenses are flushed, partially to cool 
the lenses from the temperature of the hydration bath, 
partially to flush away any residual aqueous solution re- 
maining on the lenses from the hydration bath, and par- 
tially to ensure adequate hydration of the lenses while 
in an atmospheric environment. This flushing step may 
be skipped if there is an open hydration base unit avail- 
able in order to reduce cycle time. After flushing, the 
third robotic assembly moves to position D where it is 
rotated 180°. While the top chamber plate 50 is being 
transported from the second rotary transfer device, a hy- 
dration base unit 60 has been advanced into position, 
as will be hereinafter explained with respect to Figure 
20, to receive the top chamber plate 50. The final motion 
of the third robotic assembly is downward in the Z axis 
to mate the hydration base 60 with the top chamber plate 
50 whereupon a short stroke conveying apparatus gen- 
erally indicated at 390 advances the second hydration 
carrier in the direction of arrow E to be positioned under 
a first flushing station 400. The third robotic assembly is 
illustrated in Figures 20, 21 and 22 wherein Figure 22 
represents an enlarged end view of the third robotic as- 
sembly 300. The range of motions of the third robotic 
assembly, and its interaction with other devices in the 
hydration apparatus is complex, and is summarized in 
Figures 18a and 18b of Figure 2. 
[0127] The apparatus of the third robotic assembly is 
best illustrated in Figure 22 in which the assembly in- 
cludes a plurality of suction gripping means 301, 302 
attached to a rotating plate 304. The suction gripping 
means 302 include registration pins 305 for alignment 
with openings 53 defined in the top chamber plate 50. 
The rotary plate 304 is journaled for rotation in bearing 
assembly 306 which is fixably secured to plate member 
307. Plate member 307 reciprocates vertically via an 
IKO ball screw drive 308 with respect to the stationary 
frame 309 and horizontally along the X axis via IKO car- 
riage 310. The rotary plate 304 is rotated by means of 
a drive cylinder 312. The relative interaction of the two 
IKO drive assemblies is illustrated in Figure 21 wherein 
the vertical drive assembly 308 is carried on a driven 
horizontal member 310 which reciprocates along the X 
axis by virtue of an IKO ball screw drive 314. 
[01 28] The first robotic dis-assembly device 360 is fur- 
ther illustrated in Figure 1 8a in which a plurality of suc- 
tion grips secure both the lens molds 9 and the lens mold 
carrier plate 74 and lift them from the top chamber plate 
50 for discharge of the used molds and transport of the 
carrier frame 74 backtothe return conveyor21 . The dis- 
assembly apparatus 360 is mounted for vertical recip- 
rocation in the X axis on a horizontally reciprocating car- 


rier 362. A pneumatic cylinder 364 is fixably secured to 
the traveling carrier 362 and reciprocates the disassem- 
bly 360 by virtue of its connection to frame 366. 
[0129] After the third robotic assembly has secured 
5 the top chamber plate at position B, the pneumatic cyl- 
inder 364 lowers frame 366 to bring the vacuum grips 
of the disassembly apparatus 360 into engagement with 
the individual front curve mold halves and the lens mold 
carrier plate as illustrated in Figure 1 8b. The dis-assem- 

10 bly apparatus 360 includes an array of individual mold 
grips 370 which individually grip each mold half in the 
array and a plurality of carrier grips 372 which grip the 
lens mold carrier 74. Each grip is individually supported 
by the frame 366, which is fixably connected to air cyl- 

f 5 inder 364 for vertical reciprocation . In one preferred em- 
bodiment of the present invention, the dis-assembly ap- 
paratus 360 includes 4x8 array of 32 individual mold 
grips 370 and 8 larger carrier grips 372. A vacuum is 
established in each of the grips, and the pneumatic cyl- 

20 inder 364 lifts the lens mold carrier plate 74 and each of 
the lens molds 9 away from the top chamber plate 50 
and begins its horizontal reciprocation in the Y axis of 
Figure 1, or in the direction of arrow A of Figure 18a. 
The dis-assembly apparatus pauses over collection bin 

25 368 and the vacuum lines to each of the individual lens 
molds grips 370 are opened allowing the lens molds to 
fall into the collection receptacle 368 for grinding and 
recycling. An air blow is also provided to assure that 
molds disengage from grips 370. Carrier 362 then car- 

30 ries the earner plate 74 to the return conveyor 21 to a 
position generally illustrated at 21 a in Figure 20. Carrier 

362 and the dis-assembly apparatus 360 are transport- 
ed in the direction of arrow A by an IKO ball screw drive 

363 which Is secured to stationary frame member 369. 
35 The construction and operation of the IKO ball screw 

drive 363 is essentially the same as that previously de- 
scribed with respect to Figures 1 7 and 1 9. 
[0130] After the first hydratibn carrier has been dis- 
assembled, the third robotic assembly transports the top 

40 chamber plate and contact lenses in the X axis as illus- 
trated in Figure 1 , and then raises the top chamber plate 
to the position C illustrated in Figure 21 for flushing of 
the lenses at flush station 380. Flush station 380 in- 
cludes an array of nozzles 381 which are configured in 

45 an array which matches the array of the lenses on the 
top chamber plate 50, and which in the preferred em- 
bodiment of the invention is a 4 X 8 array of thirty-two 
nozzles. The deionized water flushing solution is vafved 
by a pneumatic control valve 382 and is of .5 to five sec- 

50 onds in duration. The flushing cools the lens from the 
approximate 70°C temperature of the hydration path 
and removes any residual aqueous solution remaining 
on the lens from hydration. After the flushing cycle is 
completed, the third robotic assembly translates in the 

55 x axis of Figure 1 and Figure 21 , rotates 1 80° as illus- 
trated by the arrow D in Figure 21 , and then descends 
downwardly in the Z axis to meet with the hydration base 
60 to form the second hydration carrier. The hydration 
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base 60, as illustrated in Figures 6 and 7 has four up- 
standing conduits 63 which passed through the open- 
ings 59 defined in the top chamber 50 (as illustrated in 
Figure 4) to register the top chamber plate with the hy- 
dration base and thereby form the individual hydration 
chambers illustrated in Figure 10. 
[0131] The hydration base member 60 Is positioned 
by an air cylinder drive 385 illustrated In Figure 20 which 
drives a push arm 386 from the return conveyor 21 to 
the position D illustrated in Figure 20. The hydration 
base members, as they are returned along conveyor 21 , 
encounter a bridge 367 which is suspended above the 
return conveyor 21 . The top chamber plates, which are 
also returned along conveyor 21 , are of a height that 
allows the top chamber plate to pass under the bridge 
387 and continue on to the first assembly mechanism 
as previously described with respect to Figures 11-13. 
The hydration base members 60, being taller than the 
top chamber plates 50, encounter the bridge 387 and 
are held in a position illustrated at 21 b in Figure 20. Push 
arm 386 begins its stroke at the dotted line position 386a 
and returns the hydration base 60 between a pair of 
guides, one of which is illustrated at 388 to the assembly 
position B illustrated in Figure 20. 
[0132] Base members are held back by pneumatic 
cylinder stopper while push arm 386 is at position D so 
that push arm 386 can return without hitting a base 
member at 21 b. Top chamber plates are also held back 
by a stopper upstream of position 21 a so that top cham- 
ber and mold carrier 74 are sequenced properly. 
[01 33 J After assembly, the second hydration carrier, 
is transported by an indexing conveyor. The indexing 
conveyor includes a pneumatic cylinder 390 which 
drives a linear push plate 392 in the X axis direction of 
Figures 1 and 20. The push plate 392 advances the hy- 
dration base for an index distance equal to the width of 
the base and then returns to the position illustrated in 
Figure 20. The path of the index conveyor is defined by 
guides 394 and 395 which define a path width equal to 
the length of the second hydration carrier 400, and 
which support the hydration base member 60 for trans- 
port above an open collection sump 4. Three assembled 
second hydration carriers 400 are illustrated in Figure 
20 proceeding from the first extraction station 32. As the 
pneumatic cylinder is actuated, the push plate 392 ad- 
vances or indexes the entire string of second hydration 
carriers 400 along the conveyor path defined by guides 
394 and 395. 

[0134] As illustrated in Figure 3, there are six extrac- 
tion stations sequentially located along the path of the 
extraction or index conveyor. Each of the second hydra- 
tion carriers are indexed in step wise manner down the 
extraction conveyor path by the pneumatic cylinder 
drive 390. Each of the six extraction stations 32 receive 
the second hydration carriers and periodically flush and 
exchange the deionized water therein to continue to 
leach the by-products of hydration from the contact lens- 
es while carried there within. 


[0135] While prior art hydration baths required 
120-180 minutes to achieve satisfactory results, it has 
been found that a five to ten minute cycle of cycled flush- 
es and leaching will produce a lens with no detectable 
5 contaminants therein. In the preferred embodiment, a 
flush cycle of approximately 18 seconds (with 1-2 sec- 
onds of actual flushing In the cycle) is provided for each 
extraction station 32, and the extraction stations are 
spaced from one another a distance corresponding to 
10 the width of three of the hydration base members 60. 
Thus, step wise indexing of the hydration base members 
results in a 1 -2 second flush (in a 1 7second flush period) 
and a 68 second leach cycle to provide maximum ex- 
change of leachable materials from the lens. This cycle 
is js repeated six times for a total of slightly more than sev- 
en minutes, the total time for travel through the appara- 
tus of the present invention, which, Including the hydra- 
tion tank time, is approximately 15 minutes. 

EXTRACTION STATIONS 

[0136] A representative extraction station is illustrat- 
ed in Figures 23-25 in which the combined top chamber 
plate 50 and hydration base member 60 form the second 
hydration carrier 400. A flush manifold 41 0 illustrated in 
Figure 24 and 25 includes a deionized water supply con- 
duit 401 manifold members 402, 403, 404 and 405 and 
a plurality of engagable nozzles. The engagable nozzles 
include an array of 32 direct engagement nozzle 406 
and four socket couplings 407 which receive within the 
upstanding fluid couplings 63 which pass through the 
openings 59 of the top chamber plate 50. The direct en- 
gagement couplings are received within the individual 
openings 51 defined in the top chamber plate and illus- 
trated in detail in Figure 10. They provide fluid, In the 
form of air or deionized water to the hydration chamber 
illustrated in Figure 1 0 through opening 51 . Fluid is also 
supplied by the socket couplings 407 to the hydration 
base viatheupstandingconduit couplings 63 which then 
convey the liquid therein through manifold passage- 
ways 64 and 66 to each of the openings 62 defined in 
the lens carrier assemblies. Thus, when the flushing 
manifold 410 is lowered into engagement with a second 
hydration base member, the lens is flushed from both 
sides for a period of 1-2 seconds duration which re- 
moves existing residual deionized water from the previ- 
ous extraction cycle, and provides afresh leach solution 
for the hydration chamber. The deionized water flows 
through the radial openings 55 in the hydration chamber 
and is collected by V-shaped trough 70 defined by hy- 
dration base member 60. The waste water is then con- 
veyed to the side of the hydration base member to drain 
into the collection sump 4 there below. The extraction 
manifold 410 is vertically reciprocated by means of a 
pneumatic motor 41 1 which is fixably attached to a sta- 
tionary frame 41 2. A carrier plate 41 3 is fixably attached 
to the drive piston of pneumatic cylinder 41 1 and recip- 
rocates vertically in the Z axis in response to the PLC 
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control instructions. A valve member 41 5 is also provid- 
ed to regulate the flow of deionized water through the 
extraction manifold. Extraction manifold 410 is secured 
to the support plate 41 3 by bracket members 41 6, 41 7. 

THE SEPARATION STATION 

[01 37] The separation station of the present invention 
which provides for separation of the top chamber plate 
50 from the hydration base 70, and the transfer of con- 
tact lenses from the hydration base carrier to a lens 
transfer means is more fully illustrated and described 
with respect to Figures 26-29 in which Figure 26 is an 
elevation end view of the separation apparatus. Figure 
27 is a partially cross-section view of the final extraction 
and separation apparatus, Figure 28 is a top plan view 
and Figure 29 is an end view of the entire hydration ap- 
paratus 10. 

[0138] The apparatus illustrated in Figure 26, 27, 28 
and 29 is found within the dotted line box 22 of Figure 
1 . The second dis-assembly apparatus 420 is illustrated 
in Figure 26 in engaging contact with a second hydration 
carrier 400. The second dis-assembly device includes 
a vertically reciprocal carrier 421 which is fixed to an 
pneumatic cylinder 422 for translation in the Y axis (as 
illustrated in Figure 1) from the extraction conveyor line 
to the return conveyor 21 . The pneumatic cylinder drive 
is fixably supported by plate 423 which is secured by the 
hydration frame. The vertical reciprocation in the Z axis 
is accomplished with an IKO Ball Screw drive 429 , which 
reciprocates carriage 424 along the Z axis. The horizon- 
tal translation of the second dis-assembly apparatus is 
supported by frame member 423 and drive rollers 425, 
426. The vertically reciprocal carriage 424 reciprocates 
with respect to the horizontal transverse carriage 421 
by means of an IKO drive contained within housing 429. 
[0139] As illustrated in Figure 27, the second dis-as- 
sembly device includes a transport head 430 which is 
equipped with an array of fluid injection nozzles 431 and 
vacuum grips 432 which are used to secure the top 
chamber plate 50 to the vacuum carriage 430 for trans- 
port to the return conveyor 21. Each of the individual 
nozzles 431 are equipped with an O ring seal which 
seats against the outwardly sloping opening 51 defined 
in the top chamber plate 50. The second dis-assembly 
apparatus 420 is supplied with vacuum for the vacuum 
grip means 432 and with deionized water for the nozzles 
431. Both are supplied through flexible conduits 435 
which travel with the second dis-assembly apparatus. 
In the preferred embodiment four vacuum gripping 
means 432 are used with two at either end of the top 
chamber plate. A mounting bracket means 437 secures 
the water manifold 430 to the second dis-assembly de- 
vice 420 and provide couplings 438, 439 for the vacuum 
lines which feed vacuum grips 432. During disassembly 
of the second hydration carrier, deionized water is sup- 
plied through the orifice 62 in each of the convex lens 
transfer devices mounted in the top chamber plate 50. 


The deionized water is supplied while vacuum pick up 
is applied to grip means 432. The separation of the two 
occurs during water dose which ensures that the contact 
lenses remain in the concave holding means 61 of the 

5 hydration base. 

[0140] Also illustrated in Figure 26, in side view, is a 
push plate for 440 which Is used to return the hydration 
base members to the return conveyor 21 after the lenses 
. had been removed by a lens transfer means. Push plate 

w 440 is connected to carriage member 442 by arm 441 
which is reciprocated along the Y axis of Figure 1 by 
means of a drive cylinder 443 secured to frame member 
444. 

[01 41 ] Sensors 445 are used in the transfer of tenses 
*s from the hydration base 60 to the lens transfer means 
450. Lens transfer means 450 includes a carriage mem- 
ber 451 which is mountedforboth vertical and horizontal 
reciprocation with respect to horizontal member 452. 
The lens transfer device includes a 4 X 8 array of 32 
20 downwardly descending fingers, each of which termi- 
nates in a convex lens attachment surface 453. The lens 
transfer apparatus is more completely described in 
EP-A-0 741 077. 

[0142] As illustrated in Figure 28, the first dis-assem- 
25 bly apparatus 420 moves the top chamber plate 50 from 
the position illustrated in Figure 28 to the position illus- 
trated at 21 d on return conveyor 21 as the second dis- 
assembly apparatus 420 traverses the pneumatic cylin- 
der drive 422. When the second dis-assembly appara- 
30 tus 420 has reached the position over 21 d, it again re- 
ciprocates in the Z axis to lower the top chamber plate 
to the return conveyor 21 before vacuum grips 432 are 
released. After depositing top chamber plate on the re- 
turn conveyor 21 , the second dis-assembly apparatus 
35 420 returns to the position illustrated in Figure 28 to be- 
gin another cycle. 

[0143] In a similar matter after the lens transfer 
means 450 has removed the contact lenses from the 
hydration base 60, the push plate 440 translates the hy- 

40 dration base 60 between guide rails 460, 461 to the po- 
sition 21 e immediately adjacent to return conveyor 21 . 
A second push plate 462, which is powered by another 
drive cylinder mechanism 463, is used to drive the push 
plate 462, along its path of travel. The drive cylinder 463 

45 is mounted for reciprocation in the X axis of Figure 1 
along support beam 465. The drive 463 moves the push 
plate 462 to from the position illustrated in Figure 28 to 
the position 462a immediately adjacent the return con- 
veyor 21 

so [0144] Thus, each of the second hydration carriers 
400 is dis-assembled, with the top chamber plate 50 and 
the bottom hydration base 60 being sequentially re- 
turned along the return conveyor 21 for the next cycle 
of operation. While IKO ball screw drives have been 

ss used throughout the hydration apparatus for the move- 
ment of various components, it should be understood 
that other drive mechanisms such as rodless cylinders, 
pneumatic or hydraulic cylinders or mechanical screw 
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or chain drives could be used to accomplish the same 
purpose. 

THE WASH STATION 

5 

[0145] The hydration apparatus of the present inven- 
tion also includes awash station illustrated in Figure 1 
within dotted line box 24. This wash station is further 
illustrated in Figures 30-32 in which Figure 30 is an el- 
evation view from the backside while Figures 31 and 32 10 
are section views taken along section lines A-A 1 and 
B-B 1 of Figure 30. 

[0146] The wash station 24 includes the return con- 
veyor 21 which is used to transport in alternate se- 
quence the top chamber plates and the hydration base 15 
members of the present invention. As Illustrated in Fig- 
ure 30, a pair of hydration base members and a single 
top chamber plate are illustrated in the wash chamber 
500. The wash chamber 500 includes a plurality of noz- 
zle arrays 501 a, 501 b, 502a, 502b, and 503a, and 503b. 20 
The interaction of nozzles of 501 a and 501 b is illustrated 
in Figure 32 in which a plurality of precisely focused im- 
pingement jets are generated by high velocity impinge- 
ment nozzles one of which is indicated at 504. The high 
. velocity Impingement nozzles are alternated with spray 25 
nozzles 505 to provide thorough cleaning of the top 
chamber plate and the hydration base member. 
[0147] The nozzle array 501b is likewise equipped 
with alternating high velocity impingement nozzles 504 
and spray nozzles 505. It should be noted that as the 30 
top chamber and the hydration base are returned along 
the return conveyor 21 , the lens receiving surface of the 
hydration base member is oriented upwardly, while the 
lens transfer surf ace of the top chamber plate Is oriented 
downwardly. Thus, the nozzle arrays 501a, 501b pro- 35 
vide direct high velocity Impingement cleaning to re- 
move any contact lenses, or components thereof that 
adhered to either member during the hydration cycle. 
The back spray from the nozzles is contained within the 
wash chamber 500 by means of a housing 505 and a 40 
catch basin 506 which also serves to drain the wash wa- 
ter through drain 507. Nozzle arrays 502a, 502b, 503a 
and 503b are flood jet nozzles which are intended to 
flush away any lenses or portions thereof which were 
dislodged during the spray cleaning by nozzles 501a, 45 
501b. 

[0148] The wash station includes its own separate 
supply of deionized water which is accumulated in tank 
508. The available water pressure in tank 508 is boosted 
by means of pump 509 and the spray sequence is con- 50 
trolled by a plurality of valves generally indicated at 51 0. 
Spray sequence may be continuous or cycled as de- 
sired. 

- [0149] While the invention has been particularly 
shown and described with respect to the preferred em- 55 
bodiments, it will be understood by those skilled in the 
art. The changes in forms and details may be made 
therein without departing from the scope of the following 


claims. 


Claims 

1 . An automated apparatus for hydrating a molded hy- 
drophilic contact lens, said automated means com- 
prising: 

a) a first robotic assembly for removing a plu- 
rality of contact lens molds from a carrier, each 
mold having a contact lens therein ; and assem- 
bling said molds between a mold carrier plate 
(74) and a top chamber plate (50) comprising 
a plurality of lens transfer means to form a first 
hydration carrier; 

b) a second robotic assembly for immersing 
said first hydration carriers (200) in a hydration 
bath (26) to hydrate the lenses and release said 
lenses from said molds, and to allow said lens- 
es to transfer from said molds to said lens trans- 
fer means; said second robotic assembly re- 
moving said first hydration carriers (200) from 
said bath after a predetermined time; 

c) a transport for transporting said first hydra- 
tion carriers (200) through said hydration bath 
(26); 

d) a third robotic assembly for removing said 
molds from said first hydration carriers (200) 
and transporting said lens transfer means and 
said lenses to a subsequent processing station. 

2. An automated apparatus as claimed in claim 1, 
wherein said first robotic assembly is a pick and 
place robot that picks a plurality of contact lens 
molds carried by one or more pallet and places 
them in the mold carrier plate (74). 

3. An automated apparatus as claimed in Claim 2, 
wherein said lens transfer means includes a plural- 
ity of lens transfer assemblies for engaging said 
contact lens molds, and forming a hydration cham- 
ber there between. 

4. An automated apparatus as claimed In any one of 
the preceding claims, said top chamber plate (50) 
having: 

a transport frame, said transport frame facilitat- 
ing transfer of a contact lens between two 
processing stations; 

a plurality of carrier elements, each said ele- 
ment Including: 

a body portion having a convex lens attach- 
ment surface (53) on one end and a means 
for attaching said body portion to said 
transport frame on an opposite end; and 
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a fluid line extending through said body 
portion for introducing a fluid between said 
convex lens attachment surface (53) and a 
contact lens carried thereon for releasing 
said lens. 

5. An automated apparatus as claimed in Claim 4, 
wherein said lens transfer means further Includes a 
plurality of magnets for engaging a plurality of mag- 
nets steels in said mold carrier plate (74) to secure 
each of said molds to said carrier elements. 

6. An automated apparatus as claimed in Claim 4 or 
5, wherein said convex lens attachment surface 
(53) generally conforms to a concave surface of. a 
contact lens to enable said convex lens attachment 
surface (53) to hold a contact lens with surface ten- 
sion. 

7. An automated apparatus as claimed in Claim 4, 5 
or 6, wherein said body portion is formed of poly- 
etheretherketone and includes a circumferential 
wall having a plurality of openings formed therein, 
said wall formed proximal to a circumference of the 
contact lens attachment surface. 

8. An automated apparatus as claimed in any one of 
Claims 4 to 7. wherein said body portion includes 
an annular shoulder formed proximal to a circum- 
ference of the contact lens attachment surface. 

9. An automated apparatus as claimed in any one of 
Claims 4 to 8, further comprising a hydration carrier 
having a plurality of concave lens holding surfaces 
(61 ), each of said concave surfaces (61 ) associated 
with a respective carrier element to receive a lens 
attached thereto, and a fluid line extending through 
said body portion of said carrier element for intro- 
ducing a fluid between said convex lens attachment 
surface (53) and said lens to release the lens from 
said convex lens attachment surface (53) and trans- 
fer said lens to said concave holding surface. 

10. An automated apparatus as claimed in Claim 9, 
wherein said concave lens holding surface (61) de- 
fines a hydration chamber between said concave 
holding surface an the convex lens attachment sur- 
face (53). 

11. An automated apparatus as claimed in any one of 
Claims 4 to 10, wherein said transport frame in- 
cludes a resilient support for centering and support- 
ing each of said contact lens molds during transport. 

12. An automated apparatus as claimed in any one of 
the preceding Claims, wherein said second robotic 
assembly slides said hydration assembly into said 
hydration bath (26) at a predetermined angle. 


13. An automated apparatus as claimed in Claim 12, 
wherein said predetermined angle is 45° from the 
surface of the hydration bath (26), ± 20°. 

5 14. An automated apparatus as claimed in any one of 
the preceding Claims, wherein said second robotic 
assembly slides said hydration assembly into said 
hydration bath (26) at a predetermined speed. 

10 15. An automated apparatus as claimed in Claim 14, 
wherein said predetermined speed does not exceed 
40 mm/sec. 

16. An automated apparatus as claimed in any one of 
is the preceding claims, wherein said second robotic 
assembly slides said hydration assembly into said 
hydration bath (26) with the contact lens molds po- 
sitioned above said lens transfer means. 

20 17. An automated apparatus as claimed in any one of 
the preceding Claims, further comprising a heater 
for heating the temperature of the hydration bath 
(26) to a predetermined temperature ranging from 
55°C to 90°C. 

25 

18. An automated apparatus as claimed in Claim 17, 
wherein said predetermined temperature is 70°C. 

19. An automated apparatus as claimed any one of the 
30 preceding Claims, wherein said hydration bath (26) 

is a bath of deionized water with a surfactant there- 
in. 

20. An automated apparatus as claimed in Claim 19, 
35 wherein said surfactant ranges from 0.005% to 5% 

of said hydration bath (26). 

21. An automated apparatus as claimed in any one of 
the preceding Claims, wherein said third robotic as- 

40 sembly includes a first robotic dis-assembly device 
to remove said lens molds and said mold carrier 
plate (74) from the first hydration carrier. 

22. An automated apparatus as claimed in Claim 21 , 
45 wherein said third robotic assembly further compris- 
es a rotary transfer device for engaging said lens 
transfer plate (74) and inverting it for assembly with 
a hydration base to form a second hydration carrier. 

50 23. An automated apparatus as claimed in Claim 21 or 
22, wherein said first robotic disassembly device in- 
cludes registration means which cooperate with a 
third robotic device to align a plurality of vacuum 
grips with said plurality of contact lens molds. 

55 

24. An automated apparatus as claimed in any one of 
Claims 1 8 to 23, wherein said third robotic assembly 
further comprises: 
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(a) a rotary transfer device for engaging said 
first hydration carrier and translating it to said 
first robotic dis-assembly device, 

(b) a third robotic device for registering said first 
hydration carrier for dis-assembly of said molds 
and said mold carrier plate (74) from the top 
chamber plate (50) prior to forming a second 
hydration carrier with the top chamber plate 
(50). 

25. An automated apparatus as claimed in claim 24, 
wherein said third robotic device includes at least 
one tapered pin for penetrating said first hydration 
carrier for registration of said carrier, and said dis- 
assembly device includes at least one female mem- 
ber for mating with said tapered pin. 

26. An automated apparatus as claimed in any one of 
the preceding Claims, wherein said second robotic 
assembly further includes a pick unit for removing 
said first hydration carriers (200) from said bath at 
a speed that does not exceed 24 mm/sec. 

27. An automated apparatus as claimed in any one of 
the preceding Claims, wherein said lens transfer 
means includes a plurality of convex tens carrier el- 
ements, with a convex carrier element associated 
with each lens to be hyd rated, said automated 
means further comprising a plurality of second hy- 
dration carriers (400), each of said second hydra- 
tion carriers (400) having a plurality of concave lens 
holding surfaces (61) that are arranged to cooper- 
ate with said convex lens carrier elements to define 
a plurality of hydrating chambers therebetween, 
wherein said third robotic assembly assembles said 
lens transfer plate and said lenses with said second 
hydration carrier for transport to said subsequent 
processing station. 

28. An automated apparatus as claimed in Claim 27, 
further including a plurality of extraction stations 
(32) for receiving said second hydration carriers 
(400) and said hydration chambers defined therein. 

29. An automated apparatus as claimed in Claim 28, 
further comprising an index conveyor for advancing 
each of said second hydration carriers (400) 
through each of said extraction stations (32). 

30. An automated apparatus as claimed in any one of 
the preceding Claims, in which said mold carrier 
plate (74) defines a plurality of openings for receiv- 
ing said plurality of contact lens molds from said first 
robotic assembly, each of said openings having a 
resilient member therein for receiving a one of said 
contact lens molds. 

31. An automated apparatus as claimed in Claim 30, in 


which said mold carrier further includes a plurality 
of magnet steels for cooperating with a plurality of 
magnets carried by a top chamber plate (50) to se- 
cure said mold carrier to said top chamber plate 
5 (50). 

32. An automated apparatus as claimed in Claim 31 , in 
which said top chamber plate (50) supports said 
plurality of lens transport means, with a single one 
10 of said lens transfer means aligned with a single one 
of said contact lens molds carried by said mold car- 
rier plate (74) to thereby form a first hydration car- 
rier. 

*s 33. An automated apparatus as claimed in any one of 
the preceding Claims, wherein said transport In- 
cludes a walking beam assembly for transporting 
said first hydration carriers (200) through said hy- 
dration bath (26). 

20 

34. An automated apparatus as claimed in claim 33, 
wherein said transport includes at least one pair of 
fixed supports and at least one walking beam hav- 
ing a pair of moveable supports for each of said car- 

25 riers. 

35. An automated apparatus as claimed in claim 34, 
wherein said transport includes at least two pairs of 
fixed supports for supporting each of said carriers 

30 at a diagonal within said hydration tank, and two 
walking beams, each beam having a pair of move- 
able supports for each of said carriers. 

36. An automated apparatus for manipulating, trans- 
35 porting and dis-assembling a hydration carrier hav- 
ing a mold carrier plate (74), a plurality of contact 
lens molds with a plurality of contact lenses therein 
and a top chamber plate (50) having a plurality of 
lens transfer members for receiving said contact 

40 lenses, said apparatus including: 

a) a rotary transport device for receiving a hy- 
dration carrier in a first orientation and rotating 
and transporting said carrier to a second loca- 
ls tlon for dis-assembly; 

b) a robotic device for receiving said carrier at 
said second location, said robotic device hav- 
ing a pair of registration pins which are extend- 
ed through said hydration carrier at said second 

so location; 

c) a dis-assembly device for removing said 
mold carrier plate (74) and said contact lens 
molds from the top chamber plate (50), said dis- 
assembly device having a pair of registration 

55 members for receiving said registration pins to 

thereby register the hydration carrier at the sec- 
ond location prior to removal of the mold carrier 
plate (74) and the contact lens molds. 
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37. An automated apparatus as claimed in claim 36, 
wherein said dis-assembly device includes a plural- 
ity of vacuum grips, with a single grip for securing 
and removing each contact lens mold. 

5 

38. An automated apparatus as claimed in claim 36 or 
37, wherein said dis-assembly device further in- 
cludes at least one vacuum grip for said mold carrier 
plate (74). 

10 

39. An automated apparatus as claimed in claim 36, 37 
or 3B. wherein said robotic device includes at least 
one vacuum grip for securing said carrier plate and 
said lens transfer members during dis-assembly. 

15 

40. An automated apparatus as claimed in claim 39, 
wherein said robotic device translates and elevates 
said carrier, said lens transfer members and said 
contact lenses to a flush station to flush said contact 
lenses. 20 

41 . An automated apparatus as claimed in claim 39 or 
40, wherein said robotic device translates and in- 
verts said carrier, said lens transfer members and 
said contact lenses for assembly with a hydration 25 
base member to form a second hydration carrier. 

42. An automated apparatus as claimed in claim 39, 40 
or 41 , wherein said rotary transport device includes 

a pair of reciprocal L-shaped bracket members for 30 
receiving said hydration carrier, said device having 
a first open position for receiving said carrier, and a 
second closed position for transporting said carrier 
to said second location. 

35 

43. An automated apparatus according to any one of 
the preceding claims, comprising: 

a) a plurality of second hydration carriers (400), 
each having 40 

i) a lens transfer means having a plurality 
of lens carrier elements, each carrier ele- 
ment having a convex lens attachment sur- 
face (53), and each lens' attachment sur- 45 
face defining a fluid port therein for intro- 
ducing a fluid between said convex lens at- 
tachment surface (53) and a contact lens 
carrier thereon; 

ii) a hydration base carrier (60) defining a so 
plurality of concave lens holding surfaces 
(61) with each concave lens holding sur- 
face (61) associated with a lens carrier el- 
ement to define a hydration chamber ther- 
ebetween, each concave lens holding sur- 55 
face (61) also defining a fluid port therein 

for introducing a fluid between said con- 
cave holding surface and a contact lens 


carried within said hydration chamber; 

b) a plurality of automated extraction stations 
(32), each station having a discharge manifold, 
said discharge manifold cooperating with said 
carriers to provide a flow of fluid within each hy- 
dration chamber; 

c) an index transport for conveying each of said 
second hydration carriers (400) through each 
of said plurality of extraction stations (32); and 
(d) a controller for sequencing the flow of fluid 
at each station with the conveyance of each 
carrier thereto. 

44. An automated apparatus as claimed in claim 43, 
wherein fresh deionized water is introduced into 
said hydration chambers at each extraction station 
to flush leachable substances from the hydrating 
chambers. 

45. An automated apparatus as claimed in Claim 44, 
wherein said apparatus further includes a transport 
path between each of said automated extraction 
stations (32) wherein a fluid in said hydration cham- 
ber and an incremental residence time on said 
transport path between each of said extraction sta- 
tions (32) is used to extract impurities from said con- 
tact lens through mass transfer exchange. 

46. An automated apparatus as claimed in Claim 45, 
wherein said controller controls said incremental 
residence time and the duration of the flow of deion- 
ized water through each hydration chamber. 

47. An automated means as claimed in any one of 
Claims 43 to 46, wherein each of said lens carrier 
elements further includes a body portion formed of 
polyetheretheretone and having a circumferential 
wall with a plurality of radial openings formed there- 
in, said wall formed proximal to a circumference of 
the contact lens attachment surface. 

48. An automated apparatus as claimed in any one of 
Claims 43 to 47, further comprising a station for sep- 
arating said lens transfer means and said hydration 
base carrier (60), said station having a fluid dis- 
charge manifold to supply a fluid to the fluid port de- 
fined in said convex lens attachment surface (53) 
to ensure transfer of said lens to said concave lens 
holding surface (61) prior to separation of said car- 
rier means. 


PatentansprQche 

1 . Automatische Vorrichtung zum Hydrieren einer ge- 
formten hydrophilen Kontaktlinse, wobei die auto- 
matischen Mittel umfassen: 
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a) eine erste Roboteranordnung zum Entfernen 
mehrerer Kontaktlinsenformen von einem Tra- 
ger, wobei sich in jeder Form eine Kontaktlinse 
befindet, und Zusammenbauen der Formen 
zwischen einer Forrntragerplatte (70) und einer 5 
oberen Kammerplatte (50), die mehrere Lin- 
sen uberfuhrungsm ittel umfaBt, um einen er- 
sten Hydrationstrager zu bilden; 

b) eine zweite Roboteranordnung zum Unter- 10 
tauchen des Hydrationstragers (200) in ein Hy- 
drationsbad (26) zum Hydrieren der Linsen und 
Freigeben der Linsen von den Formen und zum 
Erlauben, daft die Linsen von den Formen zu 
den Linsenuberfuhrungsmitteln iiberfuhrt wer- 15 
den; wobei die zweite Roboteranordnung die 
ersten Hydrationstrager (200) aus dem Bad 
nach einer vorbestimmten Zeit entfernt; 

c) ein Transportband, zum Transportieren der 20 
ersten Hydrationstrager (200) durch das Hy- 
drationsbad (26); 

d) eine dritte Roboteranordnung zum Entfernen 
der Formen von den ersten Hydrationstragern 25 
(200) und Befdrdern der Linsenuberfuhrungs- 
mittel und der Linsen zu einer nachfolgenden 
Bearbeitu ngsstatio n . 

2. Automatische Vorrichtung nach Anspruch 1, da- 30 
durch gekennzeichnet, daB die erste Robotanord- 
nung ein Be- und Entladeroboter ist, der mehrere 
Kontaktlinsenformen aufnimmt, die von einer oder 
mehr Paletten getragen werden und diese auf der 
Formtragerplatte (64) absetzt. 35 

3. Automatische Vorrichtung nach Anspruch 2, da- 
durch gekennzeichnet, da 6 die Linsenuberfuh- 
rungsmittel mehrere Linsenuberfuhrungsanord- 
nungen zum Ineinandergreifen mit den Kontaktlin- 40 
senformen umfaBt und eine Hydrationskammer da- 
zwischen bildet. 

4. Automatische Vorrichtung nach elnem dervorange- 
henden An sp ruche, dadurch gekennzeichnet, 45 
daB die obere Kammerplatte (50) aufweist: 

einen Transportrahmen, wobei der Transport- 
rahmen das Oberfuhren von einer Kontaktlinse 
zwischen zwei Bearbeitu ngsstationen ermog- 50 
licht; 

mehrere Tragerelemente, wobei jedes derTra- 
gerelemente umfaRt: 

einen Korperteil mit einer konvexen Lin- 55 
senanlagerungsoberflache (53) an einem 
Ende und einem M ittel zum Anlagem des 
Korperteils an den Transportrahmen an ei- 


nem entgegengesetzten Ende; und 
einer sich durch den Korperteil erstrecken- 
den Fluidleitung zum Einbringen eines 
Fluids zwischen die konvexe Linsenanla- 
gerungsoberfiache (53) und eine darauf 
getragene Kontaktlinse, um die Linse zu I6- 
sen. 

5. Automatische Vorrichtung nach Anspruch 4, da- 
durch gekennzeichnet, daB die Linsenuberfuh- 
rungsmittel mehrere Magneten zum Wechselwir- 
ken mit mehreren Magnetstahlen in der Formtrager- 
platte umfassen, um jede der Formen auf den Tra- 
gerelementen zu sichern. 

6. Automatische Vorrichtung nach Anspruch 4 oder 5, 
dadurch gekennzeichnet, daB die konvexe Lin- 
senanlagerungsoberflache (53) sich gewdhnlich an 
eine konkave Oberflache einer Kontaktlinse an- 
paBt, um es der konvexen Linsenanlagerungsober- 
flache (53) zu ermoglichen, eine Kontaktlinse mit- 
tels Oberflachenspannung zu halten. 

7. Automatische Vorrichtung nach Anspruch 4, 5 oder 
6, dadurch gekennzeichnet, daB der Korperteil 
aus Polyatheratherketon gebildet ist und eine Um- 
fangswand mit mehreren darin ausgebildeten 6ff- 
nungen aufweist, wobei die Wand nahe zu einem 
Umfang der Kontaktlinse nan I age rungsoberfi ache 
ausgebildet ist 

8. Automatische Vorrichtung nach einem der Ansprii- 
che 4 bis 7, dadurch gekennzeichnet, daB der 
Korperteil eine ringformigeSchulterumfaBt, die na- 
hezu einem Umfang der Kontaktlinsenanlage- 
rungsoberflache ausgebildet ist. 

9. Automatische Vorrichtung nach einem der Anspru- 
che 4 bis 8, gekennzeichnet durch einen Hydrati- 
onstrager mit mehreren konkaven Linsen halteober- 
flachen (61), wobei jede der konkaven Oberflachen 
(61) mit einem entsprechenden Tragerelement ver- 
knupft ist, um eine hieran angelagerte Linse aufzu- 
nehmen, und eine sich durch den K6rperteil des 
TrSgerelements erstreckende Fluidleitung zum Ein- 
bringen eines Fluids zwischen die konvexe Linsen- 
anlagerungsoberflache (53) und die Linse, um die 
Linse von der konvexen Linsenaniagerungsoberfla- 
che (53) zu losen und die Linse zu der konkaven 
Halteoberflache zu ubertragen. 

10. Automatische Vorrichtung nach 9, dadurch ge- 
kennzeichnet, daB die konkave Linsen halteober- 
flache (61) ein Hydrationskammer zwischen der 
konkaven Haltoberflache und der konvexen Linsen- 
anlagerungsoberflache (53) abgrenzt. 

11. Automatische Vorrichtung nach einem der AnspKi- 
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che 4 bis 10, dadurch gekennzeichnet, daB der 

Transportrahmen eine erschutterungsfreie Unterla- 
ge zum Zentrieren und Unterstutzen von jeder der 
Kontaktlinsenformen wahrend des Transports um- 
faBt. 

12. Automatische Vorrichtung nach einem dervorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 
daB die zweite Roboteranordnung die Hydrations- 
anordnung in das Hydrationsbad (26) unter einem 
vorbestimmten Winkel schiebt. 

13. Automatische Vorrichtung nach Anspruch 12, da- 
durch gekennzeichnet, daB der vorbestimmte 
Winkel 45° ± 20° zu derOberflachedes Hydrations- 
bads (26) betrSgt. 

14. - Automatische Vorrichtung nach einem dervorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 
daB die zweite Roboteranordnung die Hyd ratio ns- 
anordnung in das Hydrationsbad mit einer vorbe- 
stimmten Geschwindigkeit schiebt. 

15. Automatische Vorrichtung nach Anspruch 14, da- 
durch gekennzeichnet, daB die vorbestimmte Ge- 
schwindigkeit 40 mm/s nicht uberschreitet. 

16. Automatische Vorrichtung nach einem dervorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 
daB die zweite Roboteranordnung die Hydrations- 
anordnung in das Hydrationsbad (26) mit uber dem 
Linsentransportmittel angeordneten Kontaktlinsen- 
formen schiebt. 

17. Automatische Vorrichtung nach einem dervorange- 
gangenen Anspriiche, gekennzeichnet durch ei- 
nen Heizerzum Heizen der Temperatur des Hydra- 
tionsbads (26) auf eine vorbestimmte Temperatur 
im Bereich von 55° C bis 90° C. 

18. Automatische Vorrichtung nach Anspruch 17, da- 
durch gekennzeichnet, daB die vorbestimmte 
Temperatur 70° C betrSgt. 

19. Automatische Vorrichtung nach einem dervorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 
daB das Hydrationsbad ein Bad aus deionisiertem 
Wasser mit einem Tensid hierin ist. 

20. Automatische Vorrichtung nach Anspruch 19, da- 
durch gekennzeichnet, daB das Tensid zwischen 
0,005 % bis 5 % des Hydrationsbads (26) schwankt. 

21. Automatische Vorrichtung nach einem der vorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 
daB die dritte Roboteranordnung eine erste Robo- 
terdemontiervorrichtungzum Entfernen derLinsen- 
formen und der Formtragerplatte (74) von dem er- 


sten Hydrationstrager umfaRt. 

22. Automatische Vorrichtung nach Anspruch 21, da- 
durch gekennzeichnet, daB die dritte Roboteran- 

5 ordnung eine drehende Oberfuhrungsvorrichtung 
zum Ineinandergreifen mit der Linsenuberfuh- 
rungsplatte (74) und Umkehren von ihrzum Zusam- 
menbauen mit einer Hydratlonsbasis umfa3t, urn el- 
nen zweiten Hydrationstrager zu bilden. 

10 

23. Automatische Vorrichtung nach Anspruch 21 Oder 
22, dadurch gekennzeichnet, daB die erste Robo- 
terdemontiervorrichtung Erfassungsmittel umfaBt, 
welche mit einer dritten Robotervorrichtung zusam- 

'5 menwirken, urn mehrere Sauggriffe mit mehreren 
Kontaktlinsenformen auszurichten. 

24. Automatische Vorrichtung nach einem der Ansprii- 
che 18 bis 23, dadurch gekennzeichnet, daB die 

20 dritte Roboteranordnung ferner umfaBt: 

a) eine drehende Oberfuhrungsvorrichtung 
zum Ineinandergreifen mit dem ersten Hydrati- 
onstrager und Ubertragen von diesem zu der 

25 ersten Roboterdemontiervorrlchtung, 

b) eine dritte Robotervorrichtung zum Erfassen 
des ersten Hydrationstragers zum Demontie- 
ren der Formen und der Formtragerplatte (74) 
von der oberen Kammerplatte (50) bevor ein 

30 zweiter Hydrationstrager mit der oberen Kam- 

merplatte (50) gebildete wird. 

25. Automatische Vorrichtung. nach Anspruch 24, da- 
durch gekennzeichnet, daB die dritte Robotervor- 

35 richtung mindestens einen Kegelstift zum Durch- 
dringen des ersten Hydrationstragers zum Erfas- 
sen des Tragers umfaGt und die Demontiervorrich- 
tung mindestens ein weibliches Bauteil zum Zu- 
sammenpassen mit dem Kegelstift umfaBt. 

40 

26. Automatische Vorrichtung nach einem der vorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 
daB die zweite Roboteranordnung eine Entnahme- 
einheit zum Entfernen des ersten Hydrationstri- 

45 gers (200) aus dem Bad mit einer Geschwindigkeit, 
die 24 mm/s nicht uberschreitet, umfaBt. 

27. Automatische Vorrichtung nach einem der vorange- 
gangenen Anspruche, dadurch gekennzeichnet, 

so daB das Linsenuberfuhrungsmittel mehrere konve- 
xe Linsentragerelemente umfaRt, wobei ein konve- 
xes Tragerelement mit jeder zu hydrierenden Linse 
verkniipft ist, und die automatlsierten Mittel mehre- 
re zweite Hydrationstrager (400) umfassen, wobei 
55 jeder der zweiten Hydraionstrager (400) mehrere 
konkave Linsenhalteroberflachen (61) aufweist, die 
angeordnet sind, urn mit den konvexen Linsentra- 
gerelementen zusammenzuwirken, um mit diesen 
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mehrerer Hydrierungskammern abzugrenzen, wo- 
bei die dritte Roboteranordnung die Linsenuberfuh- 
rungsplatte und die Linsen mit dem zweiten Hydra- 
tionstrager zum Transport zu der darauffolgenden 
Verarbeitungsstation zusammenbaut. 5 

28. Automatlsche Vorrichtung nach Anspruch 27, ge- 
kennzetchnet durch mehrere Extraktionsstatio- 
nen (32) zum Empfangen der zweiten Hydrations- 
trager (400) und der darin abgegrenzten Hydrati- 10 
onskammern. 

29. Automatische Vorrichtung nach Anspruch 28, ge- 
kennzeichnet durch ein Indexfordermittel zum 
Vorwartsbefdrdern von jedem der zweiten Hydrati- is 
onstrager (400) durch Jede der Extraktionsstatio- 
nen (32). 

30. Automatische Vorrichtung nach einem dervorange- 
gangenen Anspriiche, dadurch gekennzeichnet, 20 
daB die Formtragerplatte (74) mehrere Gffnungen 
zum Empfangen der mehreren Linsenformen von 
der ersten Roboteranordnung abgrenzt, wobei jede 
der Offnungen ein elastisches Bauelement hierin 
zum Aufnehmen von einer der Kontaktlinsenformen 25 
aufweist. 

31. Automatische Vorrichtung nach Anspruch 30, da- 
durch gekennzeichnet, daB der Formtrager meh- 
rere Magnetstahle zum Zusammenwirken mit men- 30 
reren Magneten umfaBt, die von einer oberen Kam- 
merplatte (50) getragen werden, urn den Formtra- 
ger an der oberen Kammerplatte (50) zu sichern. 

32. Automatische Vorrichtung nach Anspruch 31, da- 35 
durch gekennzeichnet, daft die obere Kammmer- 
platte (50) mehrere Linsentransportmittel unter- 
stutzt, wobei ein einzelnes der Linsenuberfuh- 
rungsmittel mit einer einzeinen der Kontaktlinsen- 
formen ausgerichtet ist, die von der Formtragerplat- 40 
te (74) getragen wird, urn hierdurch einen ersten 
Hydrationstrager zu bilden. 

33. Automatische Vorrichtung nach einem dervorange- 
gangen Anspriiche, dadurch gekennzeichnet, 45 
daS das Transportmittel eine Hubbalkenanordnung 
zum Transportieren des ersten Hyd ratio nstragers 
(200) durch das Hydrationsbad (26) umfaBt. 

34. Automatische Vorrichtung nach Anspruch 30, da- so 
durch gekennzeichnet, daB das Transportmittel 
mindestens ein Paar von befesttgten Stutzen und 
mindestens einen Hubbalken mit einem Paar be- 
weglicher Stutzen fur jeden der Trager umfa(3t. 

55 

35. Automatische Vorrichtung nach Anspruch 34, da- 
durch gekennzeichnet, daB das Transportmittel 
mindestens zwei Paare von befestigten Stutzen 


zum Unterstutzen jedes der Trager an einer Diago- 
nal innerhalb des Hydrationstanks und zwei Hub- 
balken umfaf3t t wobei jeder Balken ein Paar von be- 
weglichen Stutzen fur jeden der Trager aufweist. 

36. Automatische Vorrichtung zum Manipulieren, 
Transportieren und Demontieren eines Hydrations- 
tragers mit einer Formtragerplatte (74), mehreren 
Kontaktlinsenformen mit mehreren Kontaktlinsen 
hierin und einer oberen Kammerplatte (50) mit meh- 
reren Linsenubrfuhrungsbauelementen zum Auf- 
nehmen der Kontaktlinsen, wobei die Vorrichtung 
umfaBt: 

a) eine drehende Transportvorrichtung zum 
Aufnehmen eines Hydrationstragers in einer 
ersten Orientierung und Drehen und Transpor- 
tieren des Tragers an einen zweiten Ort zum 
Demontieren; 

b) eine Robotervorrichtung zum Aufnehmen 
des Tragers an dem zweiten Ort, wobei die Ro- 
botervorrichtung ein Paar von Erfassungsstif- 
ten aufweist, die durch den Hydrationstrager an 
dem zweiten Ort erstreckt sind; 

c) eine Demontlervorrichtung zum Entfernen 
der Formtragerplatte (74) und der Kontaktlin- 
senformen von der oberen Kammerplatte (50), 
wobei die Demontiervorrichtung ein Paar Er- 
f assungsbauelemente zum Aufnehmen von Er- 
fassungsstiften umfaBt, um hierdurch den Hy- 
drationstrager an dem zweiten Ortvordem Ent- 
fernen der Formtragerplatte (74) und der Kon- 
taktlinsenformen zu erfassen. 

37. Automatische Vorrichtung nach Anspruch 36, da- 
durch gekennzeichnet, daB die Demontierungs- 
vorrichtung mehrere Sauggriffe mit einem Einzel- 
griff zum Sichern und Entfernen jeder Kontaktlin- 
senform umfaBt. 

38. Automatische Vorrichtung nach Anspruch 36 oder 
37, dadurch gekennzeichnet, daB die Demontie- 
rungsvorrichtung mindestens einen Sauggriff fur 
die Formtragerplatte (74) umfaBt. 

39. Automatische Vorrichtung nach Anspruch 36, 37 
oder 38, dadurch gekennzeichnet, daB die Robo- 
tervorrichtung mindestens einen Sauggriff zum Si- 
chern der Tragerplatte und des Linsenuberfuh- 
rungsbauteils wahrend des Demontierens umfaBt. 

40. Automatische Vorrichtung nach Anspruch 39, da- 
durch gekennzeichnet, daB die Robotervorrich- 
tung den Trager, die LinsenQberfOhrungsbauteile 
und die Kontaktlinsen zu einer Spulstation zum 
Spiilen der Kontaktlinsen iibertragt und anhebt. 

41. Automatische Vorrichtung nach Anspruch 39 oder 
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40, dadurch gekennzeichnet, daB die Roboter- 
vorrichtung den Trager, die Linsenuberfuhrungs- 
bauteile und die Kontaktlinsen zum Zusammenbau 
mit einem Hydrationsbasisbauelement zum Bilden 
eines zweiten Hydrationstragers uberfuhrt und um- 5 
kehrt. 

42. Automatische Vorrichtung nach Anspruch 39, 40 
oder 41, dadurch gekennzeichnet, daB die dre- 
hende Transportvorrichtung ein Paar umgekehrter 10 
L-formiger Hafterbauelementezum Aufnehmen des 
Hydrationstragers umfaBt, wobei die Vorrichtung ei- 

ne erste offene Stellung zum Aufnehmen des Tra- 
gers und eine zweite geschlossene Stellung zum 
Befordern des Tragers zu dem zweiten Ort auf- '5 
weist. 

43. Automatische Vorrichtung nach einem dervorange- 
gangenen Anspruche mit: 

20 

a) Mehreren zweiten Hydrationstragern (400) 
mit jeweils: 

i) einem Linsenuberfuhrungsmittel mit 
mehreren Linsen ubertragerelementen, 25 
wobei jedes TrSgerelement eine konvexe 
Linsenanlagerungsoberflache (53) auf- 
weist, und jede Linsenanlagerungsoberfla- 
che eine Fluidoffnung hierin abgrenzt zum 
Einbringen eines Fluids zwischen die kon- 30 
vexe Linsenanlagerungsoberflache (53) 
und einen Kontaktlinsentrager darauf; 

ii) einem Hydrationsbasistrager (60), der 
mehrere konkave Linsen halteoberfiachen 

(61 ) abgrenzt, wobei Jede konkave Llnsen- 35 
halteoberflache (61) mit einem Linsentr§- 
gerelement verknupft ist, um zwischen die- 
sen eine Hydrationskammer abzugrenzen, 
wobei jede konkave Linsenhalteroberfla- 
che(61)fernereine Fluidoffnungdarinzum 40 
Einbringen eines Fluids zwischen die kon- 
kave Halteoberflache und eine Kontaktlin- 
se abgrenzt, die innerhalb der Hydrations- 
kammer getragen wird; 

45 

b) mehreren automatischen Extraktionsstatio- 
nen (32), wobei jede Station eine Abfuhrsam- 
melleitung aufweist, wobei die Abfuhrsammel- 
leitung mit den Tragern zusammenwirkt, um ei- 
nen FluBdes Fluids innerhalb jeder Hydrations- 50 
kammerzu erzeugen; 

c) einem Indextransportmittelzum Transportie- 
ren von jedem der zweiten Hydrationstrfiger 
(400) durch jede der mehreren Extraktlonssta- 
tionen (32); und 55 

d) einer Steuervorrichtung zur Ablaufsteuerung 
des Flusses des Fluid an jeder Station mit der 
Beforderung von jedem Trager zu dieser. 


44. Automatische Vorrichtung nach Anspruch 43, da- 
durch gekennzeichnet, daB frisch deionisiertes 
Wasser in die Hydrationskammern an jeder Extrak- 
tionsstation eingebracht wird, um laugbare Sub- 
stanzen aus den Hydrationskammern zu spulen. 

45. Automatische Vorrichtung nach Anspruch 44, da- 
durch gekennzeichnet, daB die Vorrichtung einen 
Transportweg zwischen jedem der automatischen 
Extraktionsstation (32) umfaBt, wobei ein Fluid in 
der Hydrationskammer und eine zunehmende Ver- 
weilzeit auf dem Transportweg zwischen jedem der 
Extraktionsstationen genutzt wird, um Verunreini- 
gungen von den Kontaktlinsen mittels Stoffiibertra- 
gungsaustausch zu entziehen. 

46. Automatische Vorrichtung nach Anspruch 45, da- 
durch gekennzeichnet, daB die Steuereinheit die 
anwachsende Verweilzeit und die Dauer des Flus- 
ses von deionisiertem Wasser durch jede Hydrati- 
onskammer steuert. 

47. Automatisches Mittel nach einem der Anspruche 43 
bis 46, dadurch gekennzeichnet, daB die Linsen- 
tr&gerelemente einen Korperteil umfassen, der aus 
Polyather&therketon gebildet ist und eine umlau- 
fende Wand mit mehreren radial ausgebitdeten 6ff- 
nungen hierin umfaBt, wobei die Wand nahe zu dem 
Umfang der Kontaktlinsenanlagerunsoberflache 
gebildet ist. 

48. Automatische Vorrichtung nach einem der Anspru- 
che 43 bis 47, gekennzeichnet durch eine Station 
zum Trennen des Linsenuberfuhrungsmittels und 
des Hydrationsbasistr&gers (60), wobei die Station 
ein Fluldabfuhrsammelrohr zum Liefern eines 
Fluids zu den Fluidoffnungen, die in den konvexen 
Linsenanlagerungsoberflachen (53) ausgebildet 
sind, aufweist, um eine Uberfuhrung der Linsen zu 
der konkaven Linsen halteoberflache (61) vor der 
Trennung von dem Tragermittel zu gewahrleisten. 


Revendicatlons 

1. Appareil automatise pour hydrater une lentille de 
contact hydrophile moulee, ledit moyen automatise 
comprenant : 

a) un premier assemblage robotise pour retirer 
une plurality de moules de lentille de contact 
d'un support, chaque moule contenant une len- 
tille de contact, et pour assembler lesdits mou- 
les entre une plaque de support de moule (74) 
et une plaque de chambre superieure (50) com- 
prenant une pluralite de moyens de transfert de 
lentille pour former un premier support 
d'hydratation ; 
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b) un deuxieme assemblage robot is 6 pour 
plongerlesdits premiers supports d'hydratation 
(200) dans un bain d'hydratation (26) pour hy- 
drater les lentitles et liberer lesdites (entitles 
desdits moules, et pourpermettre auxdites len- 
til les d'dtre transferees desdits moules vers les- 
dits moyens de transfer* de lentille; ledit 
deuxieme assemblage robotise retirant lesdits 
premiers supports d'hydratation (200) dudit 
bain apres un temps predetermine ; 

c) un dispositif de transport pour transporter 
lesdits premiers supports d'hydratation (200) a 
travers ledit bain d'hydratation (26) ; 

d) un troisieme assemblage robotise pour reti- 
rer lesdits moules desdits premiers supports 
d'hydratation (200) et pour transporter lesdits 
moyens de transfert de lentille et lesdites len- 
tilles a un poste de traitement suivant. 

2. Appareil automatise selon la revendication 1 , dans 
lequef ledit premier assemblage robotise est un ro- 
bot de transfert qui preleve une pluralite de moules 
de lentille de contact supportes par une ou plusieurs 
palettes et les place dans la plaque de support de 
moule (74). 

3. Appareil automatise selon la revendication 2, dans 
lequel lesdits moyens de transfert de lentille com- 
prennent une pluralite d'assemblages de transfert 
de lentille pour mettre en prise lesdits moules de 
lentille de contact, et former une chambre d'hydra- 
tation entre eux. 

4. Appareil automatise selon Tune quelconque des re- 
vendicatlons precedentes, ladite plaque de cham- 
bre supeYieure (50) ayant : 

un chassis de transport, ledit chassis de trans- 
port facilitant le transfert d'une lentille de con- 
tact entre deux postes de traitement ; 
une pluralite d'elements de support, chacun 
desdits elements comprenant : 

une partie de corps ayant une surface de 
fixation de lentille convexe (53) au niveau 
d'une extremite et un moyen pour fixer la- 
dite partie de corps audit chassis de trans- 
port au niveau d'une extremite opposee ; et 
un circuit de fluide s'etendant a travers la- 
dite partie de corps pour introduire un fluide 
entre ladite surface de fixation de lentille 
convexe (53) et une lentille de contact sup- 
portee sur celle-cl pour liberer ladite len- 
tille. 

5. Appareil automatise selon la revendication 4, dans 
lequel ledit moyen de transfert de lentille comprend 
en outre une pluralite d'aimants pour mettre en prise 


7. Appareil automatise selon ia revendication 4, 5 ou 
6, dans lequel ladite partie de corps est en polye- 
therethercetone et comprend une paroi circonfe- 
rentielle ayant une pluralite d'ouvertures formees 
dans celle-ci, ladite paroi etant formee a proximite 
d'une circonference de la surface de fixation de len- 
tille de contact. 

8. Appareil automatise selon I'une quelconque des re- 
vendications 4 a 7, dans lequel ladite partie de 
corps comprend un epaulement annulaire forme a 
proximite d'une circonference de la surface de fixa- 
tion de lentille de contact. 

9. Appareil automatise selon I'une quelconque des re- 
vendtcations 4 a B, comprenant en outre un support 
d'hydratation ayant une pluralite de surfaces de 
maintien de lentille concaves (61), chacune desdi- 
tes surfaces concaves (61 ) etant associee a un ele- 
ment de support respectif pour recevoir une lentille 
attach 6e a celui-ci, et un circuit de fluide s'etendant 
a travers ladite partie de corps dudit element de 
support pour introduire un fluide entre ladite surface 
de fixation de lentille convexe (53) et ladite lentille 
pour liberer la lentille de ladite surface de fixation 
de lentille convexe (53) et transferer ladite lentille 
vers ladite surface de maintien concave. 

10. Appareil automatise selon la revendication 9, dans 
lequel ladite surface de maintien de lentille concave 
(61) definit une chambre d'hydratation entre ladite 
surface de maintien concave et la surface de fixa- 
tion de lentille convexe (53). 

1 1 . Appareil automatise selon I'une quelconque des re- 
vend ications 4 a 1 0, dans lequel ledit chassis de 
transport comprend un support elastique pour cen- 
tre r et supporter chacun desdits moules de lentille 
de contact durant le transport. 

12. Appareil automatise selon I'une quelconque des re- 
vendications precedentes, dans lequel ledit deuxie- 
me assemblage robotise fait coulisser ledit assem- 
blage d'hydratation dans ledit bain d'hydratation 
(26) selon un angle predetermine. 


une pluralite d'aciers pour aimant dans ladite pla- 
que de support de moule (74) afin de fixer chacun 
desdits moules auxdits elements de support. 

s 6. Appareil automatise selon la revendication 4 ou 5, 
dans lequel ladite surface de fixation de lentille con- 
vexe (53) s'adapte generalement a une surface 
concave d'une lentille de contact pour permettre a 
ladite surface de fixation de lentille convexe (53) de 

10 maintenir une lentille de contact avec une tension 
superficielle. 
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13. Appareil automatism selon la revendication 1 2, dans 
lequel ledit angle predetermine est de 45° a partir 
de la surface du bain d'hydratation (26), ± 20°. 

14. Appareil automatise selon Tune quelconque des re- s 
vendications precedentes, dans lequel ledit deuxie- 
me assemblage robotise fait coulisser ledit assem- 
blage d'hydratation dans ledit bain d'hydratation 
(26) a une Vitesse predeterminee. 

10 

15. Appareil automatisms selon la revendication 14, 
dans lequel la Vitesse predeterminee ne depasse 
pas 40 mm/s. 

16. Appareil automatise selon Tune quelconquedes re- '5 
vendications precedentes, dans lequel ledit deuxie- 

me assemblage robotise fait coulisser ledit assem- 
blage d'hydratation dans ledit bain d'hydratation 
(26), les moules de lentille de contact etant posi- 
tion nes au-dessus desdits moyens de transfert de 20 
lentille. 

17. Appareil automatise selon I'une quelconque des re- 
vendications precedentes, comprenant en outre un 
dispositif de chauffage pour chauffer la temperature 25 
du bain d'hydratation (26) a une temperature pre- 
determinee comprise dans la plage allant de 55°C 

a 90°C. 

1 8. Appareil automatise selon la revendication 1 7, dans 30 
lequel ladite temperature predeterminee est de 
70°C. 

19. Appareil automatise selon I'une quelconque des re- 
vendications precedentes, dans lequel ledit bain 35 
d'hydratation (26) est un bain d'eau demineralisee 
contenant un tensioactif. 

20. Appareil automatise selon la revendication 1 9, dans 
lequel ledit tensioactif est compris dans la plage al- 40 
lant de 0,005 % a 5 % dudit bain d'hydratation (26). 

21 . Appareil automatise selon I'une quelconque des re- 
vendications precedentes, dans lequel ledit troisie- 

me assemblage robotise comprend un premier d is- *s 
positif de desassemblage robotise destine a retirer 
lesdits moules de lentille et ladite plaque de support 
de moule (74) dudit premier support d'hydratation. 

22. Appareil automatise selon la revendication 21 , dans so 
lequel ledit troisieme assemblage robotise com- 
prend en outre un dispositif de transfert rotatif pour 
mettre en prise ladite plaque de transfert de lentille 
(74) et pour I'lnverser en vue d'un assemblage avec 
une base d'hydratation dans le but de former un se- ss 
cond support d'hydratation. 

23. Appareil automatise selon la revendication 21 ou 


22, dans lequel ledit premier dispositif de desas- 
semblage robotise comprend des moyens d'aligne- 
ment qui cooperent avec un troisieme dispositif ro- 
botise pour aligner une plurality de prehenseurs re- 
flexes avec ladite plurality de moules de lentille de 
contact. 

24. Appareil automatise selon I'une quelconque des re- 
vendications 18 a 23, dans iequel ledit troisieme as- 
semblage robotise comprend en outre : 

a) un dispositif de transfert robotise pour mettre 
en prise ledit premier support d'hydratation et 
transferer celui-ci vers ledit premier dispositif 
de desassemblage robotise, 

b) un troisieme dispositif robotise pour aligner 
ledit premier support d'hydratation en vue du 
desassemblage desdits moules et de ladite pla- 
que de support de moule (74) depuis la plaque 
de chambre superieure (50) avant de former un 
second support d'hydratation avec la plaque de 
chambre superieure (50). 

25. Appareil automatise selon la revendication 24, dans 
lequel ledit troisieme dispositif robotise comprend 
au moins une broche conique pour penetrer ledit 
premier support d'hydratation pour I'enregistrement 
dudit support, et ledit dispositif de desassemblage 
comprend au moins un element femelle pour s'ac- 
coupler avec ladite broche conique. 

26. Appareil automatise selon I'une quelconque des re- 
vendications precedentes, dans lequel ledit deuxie- 
me assemblage robotise comprend en outre une 
unite de prelevement pour retirer lesdits premiers 
supports d'hydratation (200) dudit bain a une Vites- 
se ne depassant pas 24 mm/s. 

27. Appareil automatise selon I'une quelconque des re- 
vendications precedentes, dans lequel ledit moyen 
de transfert de lentille comprend une pluralite d'ele- 
ments de support de lentille convexes, un element 
de support convexe etant associe a chaque lentille 
a hyd rater, ledit moyen automatise comprenant en 
outre une pluralite de seconds supports d'hydrata- 
tion (400), chacun desdits seconds supports d'hy- 
dratation (400) ayant une pluralite de surfaces de 
maintien de lentille concaves (61) qui sont dispo- 
sees de maniere a cooperer avec lesdits elements 
de support de lentille convexe pour definir une plu- 
ralite de chambres d'hydratation entre eux, dans le- 
quel ledit troisieme assemblage robotise assemble 
ladite plaque de transfert de lentille et lesdites len- 
tilles avec ledit second support d'hydratation pour 
le transport vers ledit poste de traitement suivant. 

28. Appareil automatise selon la revendication 27, 
comprenant en outre une pluralite de postes d'ex- 


27 


53 


EP 0 806 286 B1 


54 


traction (32) destines a recevoir lesdits seconds 
supports d'hydratation (400) et lesdites chambres 
d'hydratation definies dans ceux-ci. 

29. Appareil automatism selon la revendication 28, 
comprenant en outre un moyen d'acheminement 
pour falre avancer chacun desdits seconds sup- 
ports d'hydratation (400) a travers chacun desdits 
postes d'extraction (32). 

30. Appareil automatism selon Tune quelconque des re- 
vendications pr6cedentes, dans lequel ladite pla- 
que de support de moule (74) dmfinit une plurality 
d'ouvertures pour recevoir ladite pluralitedemoules 
de lentille de contact a partir dudit premier assem- 
blage robotism, chacune desdites ouvertures com- 
prenant un element elastique pour recevoir un des- 
dits moules de lentille de contact. 

31 . Appareil automatise selon la revendication 30, dans 
lequel ledit support de moule comprend en outre 
une plurality d'aciers pour aimant afin de coop6rer 
avec une plurality d'atmants supported par une pla- 
que de chambre sup6rieu re (50) dans le but de fixer 
ledit support de moule a ladite plaque de chambre 
superieure (50). 

32. Appareil automatism selon la revendication 31 , dans 
lequel ladite plaque de chambre superieure (50) 
supporte ladite plural ite de moyens de transport de 
lentille, un moyen de transfer! unique parmi lesdits 
moyens de transfert de lentille mtant aligne" avec un 
moule de lentille unique parmi lesdits moules de 
lentille de contact supported par ladite plaque de 
support de moule (74) pour former ainsi un premier 
support d'hydratation. 

33. Appareil automatism selon Tune quelconque des re- 
vendications prmcedentes, dans lequel ledit dispo- 
sitif de transport comprend un assemblage de ba- 
lancier pour transporter lesdits premiers supports 
d'hydratation (200) a travers ledit bain d'hydratation 
(26). 

34. Appareil automatism selon la revendication 33, dans 
lequel ledit dispositif de transport comprend au 
moins une paire de supports fixes et au moins un 
longeron mobile ayant une paire de supports mobi- 
les pour chacun desdits supports. 

35. Appareil automatism selon la revendication 34, dans 
lequel ledit dispositif de transport comprend au 
moins deux palres de supports fixes pour supporter 
chacun desdits supports selon une dlagonale a I'ln- 
terieur dudit reservoir d'hydratation, et deux balan- 
ciers, chaque balancier ayant une paire de supports 
mobiles pour chacun desdits supports. 


36. Appareil automatism destine" a manipuler, transpor- 
ter et desassembler un support d'hydratation ayant 
une plaque de support de moule (74), une plurality 
de moules de lentille de contact avec une plurality 

5 de lentiltes de contact dans ceux-ci ainsi qu'une pla- 
que de chambre superieure (50) ayant une plurality 
d 'elements de transfert de lentille pour recevoir les- 
dites lentilles de contact, ledit appareil 
comprenant : 

w 

a) un dispositif de transport rotatrf destinm a re- 
cevoir un dispositif d'hydratation dans une pre- 
miere orientation, a faire toumer et a transpor- 
ter ledit support vers un second emplacement 

15 pour le dmsassemblage ; 

b) un dispositif robotism destinm a recevoir ledit 
support au niveau dudit second emplacement, 
ledit dispositif robotism ayant une paire de bro- 
ches d'alignement qui s'etendent a travers ledit 

20 support d'hydratation au niveau dudit second 

emplacement ; 

c) un dispositif de dmsassemblage destinm a re- 
tirer ladite plaque de support de moule (74) et 
lesdits moules de lentille de contact de la pla- 

25 q ue de chambre superieure (50), ledit dispositif 

de dmsassemblage ayant une paire d'6lements 
d'alignement destined a recevoir lesdites bro- 
ches d'alignement pour aligner ainsi le support 
d'hydratation au niveau du second emplace- 
30 ment avant le retrait de la plaque de support de 

moule (74) et des moules de lentille de contact. 

37. Appareil automatism selon la revendication 36, dans 
lequel ledit dispositif de dmsassemblage comprend 

35 une plural ite de prmhenseurs reflexes, avec un pr6- 
henseur unique pour fixer et retirer chacun des 
moules de lentille de contact. 

38. Appareil automatism selon la revendication 36 ou 
40 37, dans lequel ledit dispositif d'assemblage com- 
prend en outre au moins un prmhenseurrmflexepour 
ladite plaque de support de moule (74). 

39. Appareil automatism selon la revendication 36, 37 
45 ou38, dans lequel ledit dispositif robotism comprend 

au moins un prmhenseur rmflexe pour fixer ladite pla- 
que de support et lesdits elements de transfert de 
lentille durant le dmsassemblage. 

50 40. Appareil automatism selon la revendication 39, dans 
lequel ledit dispositif robotism transfere et mieve ledit 
support, lesdits elements de transfert de lentille et 
lesdites lentilles de contact vers un postede lineage 
pour rincer lesdites lentilles de contact. 

55 

41. Appareil automatism selon la revendication 39 ou 
40, dans lequel ledit dispositif de transfert robotism 
transfere et inverse ledit support, lesdits mimments 
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detransfert de lentille et lesdites lentilles de contact 
pour I'assemblage avec un Element de base d'hy- 
dratation afin de former un second support d'hydra- 
tation. 

5 

42. Appareil automatism selon la revendication 39, 40 
ou 41 , dans lequel I edit dispositif de transport rotatif 
comprend une palre d'mimments de patte d'attache 
en forme de L reciproques pour recevoir ledit sup- 
port d'hydratation , (edit dispositif ayant une premie- 10 
re position ouverte pour recevoir ledit support, et 
une seconde position fermee pour transporter ledit 
support vers ledit second emplacement. 

43. Appareil automatism selon Tune quelconque des re- *5 
vesications pr6cedentes, comprenant : 

a) une plurality de seconds supports d'hydrata- 
tion (400), chacun ayant 

20 

i) des moyens de transfer! de lentille ayant 
une plurality d'elements de support de len- 
tille, chaque element de support de lentille 
ayant une surface de fixation de lentille 
convexe (53), et chaque surface de fixation 25 
de lentille definissant un orifice de fluide 
dans celle-ci pour introduire un fluide entre 

lad it e surface de fixation de lentille conve- 
xe (53) et un support de lentille de contact 
sur celle-ci; 30 

ii) un support de base d'hydratation (60) 
definissant une plurality de surfaces de 
maintien de lentille concave (61), chaque 
surface de maintien de lentille concave 
(61) mtant associee a un element de sup- 35 
port de lentille pour definir une chambre 
d'hydratation entre ceux-ci, chaque surfa- 
ce de maintien de lentille concave (61) de- 
finissant mgalement un orifice de fluide 
dans celle-ci pour introduire un fluide entre 40 
ladite surface de maintien concave et une 
lentille de contact supported a I'intmrieur de 
ladite chambre d'hydratation ; 

b) une plurality de postes d'extraction automa- 
tises (32), chaque poste ayant un collecteur de 
decharge. ledit collecteur de d6charge coop6- 
rant avec lesdits supports pourfournir un 6cou- 
lement de fluide a I'intmrieur de chaque cham- 
bre d'hydratation ; so 

c) un dispositif de transport a rep 5 re pour trans- 
porter chacun desdits seconds supports d'hy- 
dratation (400) a travers chacune de ladite plu- 
ralitm de postes d'extraction (32) ; et 

d) un dispositif de contrdle pour ordonner 55 
I'mcoulement de fluide au niveau de chaque 
poste avec le transport de chacun des supports 
vers celle-ci. 


44. Appareil automatism selon la revendication 43, dans 
lequel de I'eau demineralisee f rale he est introduite 
dans lesdites chambres d'hydratation au niveau de 
chaque poste d'extraction pour rincer les chambres 
d'hydratation de leurs substances pouvant etre lixi- 
viees. 

45. Appareil automatism selon la revendication 44, dans 
lequel ledit appareil comprend en outre un chemin 
de transport entre chacun desdits postes d'extrac- 
tion automatises (32) dans lequel un fluide dans la- 
dite chambre d'hydratation et un temps de sejour 
incr£mentiel sur ledit chemin de transport entre 
chacun desdits postes d'extraction (32) est utilise" 
pour extra! re des imp uretms de ladite lentille de con- 
tact par le bials d'un echange de transfert de matte- 
re. 

46. Appareil automatism selon la revendication 45, dans 
lequel ledit dispositif de contrdle controle ledit 
temps de sejour incrementiel et la dur£e de recou- 
pment de I'eau deminmralisme a travers chaque 
chambre d'hydratation. 

47. Appareil automatism selon Tune quelconque des re- 
vend icat ions 43 a 46, dans lequel chacun desdits 
moments de support de lentille comprend en outre 
une partie de corps formme de polymthermthercmto- 
ne et ayant une paroi circonfmrentielle munie d'une 
plural it6 d'ouvertures radiates formmes dans celle- 
ci, ladite paroi mtant formme a proximite d'une cir- 
confmrence de la surface de fixation de lentille de 
contact. 

48. Appareil automatism selon Tune quelconque des re- 
vendications 43 a 47, comprenant en outre un poste 
pour separer lesdits moyens de transfert de lentille 
et ledit support de base d'hydratation (60), ledit pos- 
te ayant un collecteur de decharge de fluide pour 
dmiivrer un fluide a 1'oriftce de fluide deftni dans la- 
dite surface de fixation de lentille convexe (53) afin 
de garantir le transfert de ladite lentille vers ladite 
surface de maintien de lentille concave (61) avant 
la separation desdits moyens de support. 
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FIG. 5(a) 



FIG. 5(b) 


FIG. 5(c) 
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FIG. 8 
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FIG. 8(a) 
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FIG. 8(b) 
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FIG. 9 
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FIG. 11(c) 
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FIG. 16 
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FIG. 17 
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FIG. 18(a) 
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FIG. 18(b) 
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FIG. 24(a) 
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